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SUMMARY 
General synthetic routes to some new fused s-triazole 
systems are reported. 
Bis-~-triazolo[l ,5-~:l ',5'-£]pyrimidine was prepared 
from the key bi cyclic intermediate, ~-triazolo[l ,5-£]-
pyrimidin-5-ylamine, through the corresponding 5-dimethyl-
aminomethyleneamino, 5-hydroxyaminomethyleneamino and 
5-acetoxyaminomethyleneamino derivatives, followed by final 
cyclization. Its derivatives bearing methyl and/or phenyl 
groups at 5- and/or 8-position were prepared rather 
similarly. 
The reaction of appropriate pteridin-4-ylhydrazines 
with orthoesters has been used to prepare ~-triazolo[4,3-£]-
pteridines and some f-methylated derivatives. Most of these 
underwent a Dimroth-like rearrangement to yield the isomeric 
~-triazolo[l ,5-£]pteridines but the 3-ethyl-~-triazolo-
[4,3-£]pteridine gave an unusually stable intermediate, 
~-[3-(5'-ethyl-l ',2' ,4'-triazol-3'-yl)pyrazin-2-yl]form-
amidine, which resisted re-closure. In an attempt to 
synthesize the parent ~-triazolo[l ,5-£]pteridine by an 
independent route, pteridin-4-ylamine was submitted to the 
sequence which had been applied successfully to prepare bis-
~-triazolo[l ,5-~:l ',5'-£]pyrimidine . However, the last 
intermediate, ~-acetoxy-~'-(pteridin-4-yl)formamidine, 
failed to cyclize; instead, it lost acetic acid to give 
pteridin-4-ylcyanamide. Rearrangements from a [4,3-£] 
system to a [l ,5-c] system were accompanied by characteristic 
changes in n.m.r. spectra but not by u.v. spectral charges. 
V 
Pteridin-7-ylhydr azin e reacted with appropriate ortho-
esters to give ·~-triazolo[3,4-h]pteridine and its 9-methyl 
derivative. The same hydrazine with carbon disulfide in 
pyridine gave the ~-triazolo[3,4-h]pteridine-9(8~)-thione 
and thence the methylthio and S-dimethylaminoethylthio 
derivative. The parent ~-triazolo[3,4-h]pteridine did not 
undergo Dimroth-like rearrangement to its [l ,5-h] isomer but 
the latter was made from pteridin-7-ylamine via its dimethyl-
aminomethyleneamino and hydroxyaminomethyleneamino derivatives. 
Pteridin-2-ylhydrazine and triethyl orthoformate gave a single 
product shown by 1H and 13c n.m.r. data to be s-triazolo-
[4,3-~]pteridine rather than its [3,4-Q], [l ,5-~] or [5,1-Q] 
isomer. The 9-methyl and 9-ethyl derivatives were made rather 
similarly. 
Purin-6-ylhydrazine reacted with carbon disulfide to 
give ~-triazolo[3,4-l]purine-3(2~)-thione which underwent 
alkylation to yield its i-methyl and i-carbonylmethyl 
derivatives. In contrast, purin-8-ylhydrazine and triethyl 
orthoacetate gave only the intermediate ~-(1 '-ethoxyethylidene)-
9-methylpurin-8-ylhydrazine which resisted cyclization. Purine-
2,6-dihydrazine reacted with trimethyl orthoacetate, triethyl 
orthoacetate and triethyl orthopropionate to give 3,7,9-
trimethyl-, 9-ethyl-3,7-dimethyl- and 3,7,9-triethyl-bis-~-
triazolo[3,4-Q:3' ,4'-l]purine, respectively. The unexpected 
extra ~-alkyl group was thus shown to originate from the 
'alcoholic' portion of the orthoester. It was also shown to 
~ 
occupy the 9- rather than the 11-position by Vambiguous 
synthesis of 3,7,9-triethyl-bis-~-triazolo[3,4-Q:3' ,4'-l]purine 
from (authentic) 9-ethylpurine-2,6-dihydrazine and triethyl 
orthopropionate. 
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NOMEN CLATURE 
The following ring systems were prepared in this work. 
* The nomenclature recommended by the I.U.P.A.C. is used and 
ring systems are numbered as shown: 
* 
Bi s -~ - tr i a z o lo [ l , 5 - ~: l ' , 5 ' - ~] p yr i midi n e 
N~~~ 
i~l~Al~ NAN N I ~ 9 I N..==J--
~-Triazolo[4,3-~]pteridine 
As defined in "Nomenclature of Organic Chemistry", 
Sections A, B, C, D, E, F and H, 1979 Edition. 
~-Triazolo[4,3-£]pteridine 
Nf'Y~"l 
~.1A10 N N ~N 
I q i I 
l===N 
~-Triazolo[3,4-~Jpteridine 
~-Triazolo[3,4-l]purine 
X 
'~~ 7JJ 
N 
~ - Tri a z o l o [ l , 5 -£] pt er i d i n e 
NfY~~ 
~~A10/2 N N ~N 
~ 1 __ 2 I 
~-Triazolo[S,l-~JPteridine 
l~j> 10 
9 
N 
H 
Bi s -~ - Tri a z o lo [ 3 , 4-Q: 3 1 , 4 1 - l] purine 
--
CHAP TE R I 
INTRODUCTION AND LITERATURE SURVEY 
I-1 Phleomycin and Its Amplification 
Phleomycin is a copper-containing antibiotic isolated 
from Streptomyces verticillus (Maeda et al., 1956; Taki ta 
l. 
et al., 1972) with wide-spectrum antibacterial and some anti-
tumor activity but with limited potential on account of its 
nephrotoxicity. However, the effective dose of phleomycin 
can be reduced considerably by using it in conjunction with 
amplifying agents such as purines (Grigg, 1970; Grigg et al., 
1971; Grigg, 1972; Brown et al., 1972; Badger et al., 1974; 
Angyal et al., i974; Bhushan et al., 1975; Brown and Stephanson, 
1974 and 1976) or other DNA-binding substances (Grigg et al., 
1977). More recently Brown et al. (1978} reported that some 
fused ~-triazolo compounds, such as ~-triazolopyridines and 
~-triazolopyrimidines, had considerable activity as amplifiers 
of phleomycin against an in vitro culture of Escherichia coli. 
From the above reports, it has become evident that amplifiers 
must not only be as active as possible, but they should have 
good aqueous solubility, low toxicity and high resistance to 
metabolism, properties desirable for most drugs or potentiators. 
I-2 Context of the Present Work 
Historically, various fused s-triazolo compounds have 
been synthesised (see next section) because of their 
interesting chemical properties and diverse biological 
activities. For example, many of these compounds undergo 
Dimroth-like rearrangement from ~-triazolo[4,3-~J- systems 
I 
to the isomeric [l ,5- ~J- sy stems , and so me have shown 
bronchodilat ory, sedative, an a l ges ic an d antiinflammatory 
activi t y (Jacob a nd Pr eau, 19 61; Mill e r a nd Rose, 
2. 
1961b) . As men tion ed abo ve , s -tr i az ol opy r id in es a nd 
~- tri az ol opyrimidines we re f ound t o hav e ph l eomy cin-
ampli fying acti vity agai nst both bacter i al and t umor sys t ems 
( Brown et a l . , 197 8 ). Howe ver the bis-s - triazolo-
[.l ,5-~;l ', 5'-£]pyri midine sys tem, most of the ~-triazolo-
pteridine systems, so me of the ~- triazolo pur ine sys te ms and 
the bis-~-tria zolopurin e syst ems were un kno wn hit he rto. Thu s 
experiments were directed to wa r ds the syn t hesis and study of 
such fused ~-triazo l o systems so that appropriate derivatives 
may be made even t ually by other s for study as amplifiers of 
phl eomycin . 
I-3 Review of Simple Fused s-Triazolo Het e rocycles 
I-3-A s-Tr i azolopyridines 
It has been known since 1903 that the co ndensati on 
of pyridin-2-ylhydrazine (I/1) and for mic aci·d gave 
~-triazolo[4,3-~_Jpyridine (I/2) (Ma rc kw ald and Rudzik, 1903; 
Fargher and Furness, 1915) . 
Later , the same type of com pound was pr e pared by Bower 
and Doyle (1 957) by two different methods. The action of 
be nzoyl chloride in pyridine on pyridin-2-y l hydra z ine ga ve 
the benzoy l derivative (I/3), wh i ch upon r efluxing in 
phosphoryl chloride gave 3-phenyl-~-triazolo[4,3-~]pyridine 
( I/4) (£ . 50 %). This co mpound was a lso obtained by dehydro-
gen at ion of ~ ' -be nzyli dene-~-pyridin-2-y lhy drazine ( I/5 ) with 
lead t etraacetate (£ . 50 %). Reynolds and VanAllan (1 959) 
repor ted that the prod uct (I/ 4 ) cou ld also be obtained in 
excellent yield (89 %) by heatin g the benzoyl intermediate 
(I/3) (prepared from pyridin-2-ylhydrazine and benzoic 
anhydride in ethanol) under reflux in phenol for several 
3. 
hours. An improved procedure to prepare ~-triazolo[4,3-~]-
pyridines, based on the oxidative cyclization of aromatic 
aldehyde hydrazones akin to (I/5), was described by Nagui and 
Srinivasan (1962, 1965). The required hydrazones were 
prepared by treatment of pyridin-2-ylhydrazine with a variety 
of aromatic aldehydes. Subsequent cyclization was completed 
by heating under reflux in nitrobenzene or ethanolic ferric 
chloride hexahydrate to give 3-aryl-~-triazolo[4,3-~]pyridines 
in reasonable yield. They prepared thirteen derivatives by 
this method. 
Another relevant synthesis was reported by Mills and 
Schindler (1923) . who found that pyridin-2-ylhydrazine reacted 
with potassium trithiocarbonate ((KS) 2cs) in ethanol contain-
ing a little glacial acetic acid to give ~-triazolo[4,3-~]-
pyridin-3(2~)-thione (I/6). Tarbell et al. (1948) found that 
the reaction of pyridin-2-ylhydrazine with carbon disulfide 
gave the same product (I/6). 
The first synthetic route to the isomeric s-triazolo-
[1,5-~]pyridine system was reported by Bower and Ramage (1957). 
The starting material, pyridin-2-amine, was allowed to react 
with acetonitrile, benzonitrile or £-tolunitrile in presence 
of aluminium chloride to give t ~e corresponding amidines (I/ 7), 
which underwent cyclization by lead tetraacetate in boiling 
the 
acetic acid or benzene to give~corresponding 2-substituted-s-
triazolo[l ,5-~]pyridines (I/8) in reasonable yield. 
The cyclization of 1 ,2-diaminopyridinium salts with 
4. 
HCOOH 
( I/ 2) 
0 
P h--.....__11 Ph')= C NH 
-N 
I I crNH crN '--:: ~ ~ 
/, ~ 
( I /1 ) ( I/ 3) (I/ 4) 
Ph'-..H 
C ~ / crNH 
. 
~ 
( I/ 5) 
( I/ 6) 
(I/ 7) 
(I/ 9) 
R 
H 
HON CH HON 
11 
N 
.... 
R R 
(I/12a) (I/12b) 
CH 
I 
NH 
5. 
(I/ 8 ) 
R = CH 3 , Ph, Q-tolyl 
(I/10) 
R = H, NH 2 , SCH 3 
--cH 
R 
(I/11) 
II 
N 
R 
(I/13) 
6. 
carboxylic acids or acid chlor i des also proved useful to 
prepare this type of compound (Potts, Burton and Bhattacharyya, 
1966; Okamoto et al., 1966). 
In 1966, Potts, Burton and Roy found that ~-triazolo-
[4,3-~]pyridines (I/9) underwent a Dimroth-like rearrangement 
on prolonged boiling with aqueous sodium hydroxide to give 
the [l ,5-~] isomers (I/10); this rearrangement could not be 
effected with sodium ethoxide or dilute acid. Their postul-
ated mechanism is shown (seep. 5). 
Polanc, Vercek, Stanovnik and Tisler (1973) developed a 
novel synthetic route to ~-triazolo[l ,5-~]pyridines. Thus, 
condensation of 4-substituted pyridin-2-amines and~-~-
dimethylformamide dimethyl acetal gave corresponding~.~-
dimethylaminomethylene derivatives (I/11), which were 
converted into hydroxylaminomethyleneamino compounds (I/12a,b) 
by transamination with hydroxylamine, and final cyclization 
with polyphosphoric acid gave ~-triazolo[l ,5-~]pyridine (I/13). 
I-3-B s-Triazolopyridazines 
Bulow (1909a,b)reported the synthesis of 
~-triazolo[4,3-~]pyridazines by condensation of l ,3-dicarbonyl 
compounds and 4-amino-l ,2,4-triazole in boiling alcohol 
containing a trace of piperidine. Soon after that, the 
method was extended (Bulow, 1909c; Bulow and Haas, 1910) to 
the reaction between 4-aminotriazole and acetoacetic esters 
which gave the same type of product. These early authors 
formulated their products as derivatives of 8-hydroxy-~-
triazolo[4,3-Q]pyridazine (I/14), but without any proof of 
structure. In 1958, Kost and Gents reported that they had 
obtained a series of s-triazolopyridazine derivatives from 
7. 
the reaction of 4-aminotriaz ole and acetoacetic esters: to 
these they assigned the structure 7- and/or 8-substituted 
~-triazolo[4,3-Q]pyridazin-6(5~)-ones (I/15), considering 
these alternative structures for the reaction products more 
probable than those postulated by BLllow. On the other hand, 
Linholter and Rosen ~rn (1962) achieved cyclization of 
6-chloro-5-methylpyridazin-3-ylhydrazine (I/16a) and its 
isomer (I/16b) with boiling formic acid to give the correspon-
ding 6-chloro-7-methyl- (I/17a) and 6-chloro-8-methyl-~-
triazolo[4,3-Q]pyridazine (I/17b) in good yield. The latter 
(I/17b) was converted into 8-methyl-~-triazolo[4,3-Q]-
pyridazin-6(5~)-one (I/18) by hydrolysis with aqueous 
potassium hydroxide; subsequent comparison of products (I/15) 
and (I/18) showed that BLllow's original formulation was 
correct. 
The synthetic method using pyridazin-3-ylhydrazines and 
acylating agents (such as formic acid, acetic anhydride or 
trialkyl orthoformates) to prepare ~-triazolo[4,3-Q]pyridazine 
derivatives (I/19) was introduced by Takahayashi (1955). He 
also isolated _the intermediate acylhydrazinopyridazines 
(I/20), formed from pyridazin-3-ylhydrazines and acylating 
agents under mild conditions, and subsequently converted them 
into the final product (I/19) by heating with formic acid or 
acetic anhydride . Pollak, Stanovnik and Tisler (1968) made 
~-triazolo[4,3-Q]pyridazine 5-oxides: condensation of 
3-hydrazinopyridazine 1-oxide with aldehydes yielded the 
corresponding hydrazones which were cyclized with lead 
tetraacetate to give ~-triazolo[4,3-Q]pyridazine 5-oxides in 
reasonable yield . 
N N R-c=o ll) I + R 1-CH BLllow's route N I 
I COOEt 
NH 2 
Kost's 
route 
Cl 
(1/16) 
a: R = H' R l = CH 3 
b: R = CH 3 , 
R l = H 
HO 
Rl 
R 
Rl 
a: 
b: 
8. 
N 
N 
) 
I 
,,.-,::: N 
R 
(1/14) 
N 
N 
) 
I 
NH 
(1/15) 
R = CH 3 , Ph 
R1 = H, CH 3 
Cl 
(1/17) 
R = H' Rl = 
R = CH 3 , 
Rl 
0 
(1/18) 
N 
N 
) 
I 
NH 
CH 3 
= H 
Rl 
NHNH 2 
(I/22) 
NHNH 2 
Cl 
Cl 
Cl 
Cl 
(I/20) 
R1 = H, CH 3 
Rl 
--~ 
NH-N=C-R 
H 
(I/23) 
N 
N~R 
I 
/'.:'. N 
Cl 
(I/19) 
R = 
R l = 
Cl 
(I/21) 
Hor CH 3 
Hor CH 3 
(I/24) 
9. 
l O. 
Francavilla and Lauria (1 971) presented another 
interesting method. Prolonged boiling of 3,6-dichloro-
pyridazine with semicarbazide hydrochloride in ethanol 
containing a small amount of mineral acid gave 6-chloro-s-
triazolo[4,3-Q]pyridazin-3(2~)-one (I/21) in good yield. 
They reported that the presence of an electron-attracting 
group at the 6-position of 3-chloropyridazine was necessary 
for this reaction. The product (I/21) reacted with phosphor-
ylchloride to give 3,6-dichloro-~-triazolo[4,3-Q]pyridazine. 
3-Chloro-~-triazolopyridazine was prepared by dechlorination 
of (I/21) followed by treatment with phosphoryl chloride. 
These chloro compounds gave a number of amino or alkoxy 
derivatives by nucleophilicdisplacement. The bis-s-triazolo-
[4,3-Q;3' ,4'-i_]pyridazine (I/24) was prepared from 3-chloro-
~-triazolo[4,3-Q]pyridazin-6~ylhydrazine (I/22) via the 
hydrazone (I/23) and oxidative cyclization with lead tetra-
acetate. 
The isomeric ~-triazolo[l ,5-Q]pyridazine system has been 
investigated mainly in Tisler's laboratory in Ljubljana since 
1972. Zupam, Stanovnik and Tisler (1972) reported that 
pyridazin-3-amine reacted with benzonitrile in the presence 
of potassium t-butoxide or sodium methoxide in dimethyl 
sulfoxide to give the corresponding amidine (I/25) which 
underwent cyclization into the ~-triazolo[l ,5-Q]pyridazine 
(I/26), either with lead tetraacetate in methylene chloride 
or with bromine in a solution of potassium hydroxide. 
Polanc, Vercek, Stanovnik and Tisler (1973) and Polanc et al. 
(1974) developed another procedure which has been widely used 
to prepare ~-triazolo[l,5-~]diazines. For example, pyridazin-
l l. 
Ph 
NH 2 
I 
N~Ph HN C 
II 
NH I IN 
PhCN [OJ N/ 
~ I 
~N 
R R R 
(I/25) (I/26) 
Nl7 Nn 
,..,...-N N 
N [OJ w·_.... 
I .... I 
~N 
NYR ~ 
HN-N'iC"--R NI IN 
(I/27) (I/28) 
R = CH 3 , Ph 
Nn Nn 
,..,...-N _,,.,...N 
N N 
I ~ I 
--
~N N "'--. 
N 
N=C-NOH HN-C:=NOH NI_Jj 
H H . H 
(I/30) 
(I/29a) (I/29b) 
l 2. 
3 - y 1 a in ·j n e s ->- !! , !i_ - d i met h y 1 am i no me t h y 1 en e - p yr i .d a z i n es + hydroxy -
ami nomethyleneamino-pyridazines, followed by dehyd r ative 
cyc l ization with polyphosphoric acid. 
They a 1 s o prep a red b i s -~ - tr i a z o 1 o [ 4 , 3 - .!:?_; 5 ' , 1 ' - .!_] -
pyridazines (I/28) fro m the oxid a tive cycl i zaticn of th e 
correspondin g ~- t r iazolo [l ,5 - .!:?_]py r idazine hydrazones ( 1/27) 
and bis-~-tria zolo[l ,5-.!:?_~5' ,l '-f]pyridazine (I/30) f r om t he 
corresponding hydroxyaminomethyleneamino de rivative (1/ 29 ). 
In 1975, Tamura et al. prepared 2-sub s tituted s-tri azolo-
[l ,5-.!:?_]pyridazines by cycliza t ion of rr-a minopyrid azi niu m sal ts, 
a procedure already successfully appl i ed to th e preparation of 
r e l ated triazolopyridines (Potts, Burton and Bnattacharyya , 
1966; Okamoto et a l. , 1966). 
I -3-C s-Triazolo pyr i midi ;1" S 
B U l o w a n d H a a s ( l 9 0 9 ) r c, µ o r t c ,j t h e s y :1 t ti e s i s o f 
s -triazolo[l ,5-a]pyrimidines f r om pro 1ong ed boiling of 1,2,4 -
- -
tr iazol-3-amine with a 1 ,3-diketone in absolute al cohol 
conta i ning a litt l e piperidine. In addition, from a sim i lar 
r eac ti on with ethyl acetoacetate , they obtained a pr oduct 
whi ch was assigned the structure of 7-hydro xy-5-m e thyl-~-
t r i a z o l o [ l , 5 - ~] p yr i mi d i n e ( I/ 31 ) . Thi s ~tr u ct u re 1v as l ate r 
qu estioned by Birr and Walther (1953) because of the 
poss i bi l ity that the initial reaction could produce four 
i so me r s ( I/31-34) . These authors achie ved an apparently 
un eq uivo ca l cyc l ization of 4-hydroxy-6-methylpyrirnidin-2-
y l hy dr az in e wi t h form i c acid to gi ve the same substance a s 
that fro m l , 2 , 4-tr i azol-3-amine and ethy l acetoacetate. To 
thi s s ub stance they then assigned the structure 7-methyl- ~-
tri az olo[ 4,3-~] pyri mi din-5(8~ ) -one ( I/33) . Detailed 
l 3 . 
Me 
COMe 
I 
CH 2 I 
COOEt 
0 
~
5 
"NH 
'N~N 
3 
~1-21 
R = H 
(I/31) 
N NH N N )l~ ~ 
H N)lN~R ~ ~-R N NH 2 2 H 
R = H 
j M: 
= H 
Me I \ 0 0 
1/ NH NH 1/7 NH NH 
NAN N~N 6) N~N 0 Me 0 S N ~N Me 
~ I ~ I ~I I ~ N 
(I/31) (I/32) (I/33) (I/34) 
14. 
repet i tion of their work by Sirakawa (195 8) and Allen et al. 
(1959) showed the nature of the product depended upon the 
acidity of the reacting solution: under conditions of 
acidity milder than those used by Birr and ~alther, the 
~-triazolo[4,3-~]pyrimidinone (I/33) was indeed obtained; in 
boiling formic acid this was isomerised into its [l ,5-~] 
isomer (I/31) by a Dimroth-like rearrangement. Thus they 
showed Birr and Walther's synthesis was not unambiguous and 
established the structure originally proposed by BUlow and 
Haas as a ~-triazolo[l ,5-~]pyrimidine. Sirakawa (1960b) also 
reported another interesting type of rearrangement: heating 
3-mercapto-7-methyl-~-triazolo[4,3-~]pyrimidin-5(8~)-one at 
250-255° caused rearrangement into the isomeric 3-mercapto-
5-methyl-~-triazolo[4,3-~]pyrimidin-7(8~)-one. 
The reaction between pyrimidin-2-ylhydrazines (I/35) and 
orthoesters such as triethyl orthoformate or triethyl ortho-
acetate has been employed as the most convenient method to 
prepare ~-triazolo[4,3-~]pyrimidines. 
Sirakawa (1959a, 1959b, 1960a) showed cyclization of the 
2-hydrazinopyrimidinones (I/35; R1 or R2 = OH) with acetic 
acid resulted in 3-methyl derivatives (I/36; R1 or R2 = OH, 
R3 = Me). However, attempted cyclization of the pyrimidin-2-
ylhydrazines (I/35; R1 , R2 =Hor alkyl) by the same method 
gave the hydrazides (I/37; R3 = Me, X = 0) which could not be 
cyclized without isomerization (Sirakawa, 1959c, 1959d). 
3-Aryl-~-triazolo[4,3-~]pyrimidines (I/36; R3 = aryl) have 
been prepared by lead tetraacetate oxidation of the hydrazones 
(I/38) (Bower and Doyle, 1957; Sirakawa, 1960a). Spickett 
and Wright (1967) obtained 3-substituted ~-triazolo[4,3-~]-
1 5. 
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pyrimidinones (I/36; R1 = H, al ky l or aryl, R2 = OH, R3 = 
alkyl or aryl) · from the reaction of 2-hydrazinopyrimidinones 
with an imino-ether hydrochloride under mild neutral 
conditions. However the pyrimidin-2-ylhydrazines (I/35; 
R 1 = R 2 = H o r Me ) g a v e t h e i s om e r i c ~ - t r i a z o l o [ l , 5 - ~] -
pyrimidines (I/39; R1 = R2 = H, R3 = Me) by the same type of 
reaction. 
~-Triazolo[l ,5-~]pyrimidines (I/39) have been prepared 
by the following routes: the reaction of l ,2,4-triazol-
3-amines with l ,3-dicarbonyl compounds (BUlow and Haas, 
1909); the rearrangement of ~-triazolo[4,3-~]pyrimidines; 
an oxidative cyclization of pyrimidinylhydrazones with lead 
tetraacetate (Bower and Doyle, 1957; Sirakawa, 1960a); 
a dehydrative cyclization of the 'oximes' (I/40) with 
polyphosphoric acid (Polanc et al., 1974); and the cyclization 
of the ~-aminopyrimidinium salts (I/41) with acylating agents 
such as formic acid, acetic anhydride or benzoyl chloride 
(Tamura et al., 1975). 
The isomeric ~-triazolo[4,3-~]- and ~-triazolo[l ,5-~]-
pyrimidines were first reported by Shi ho et al. (1956) and by 
Miller and Rose (196la,b). The earlier authors described the 
reaction of 6-methoxy-2,5-dimethylpyrimidin-4-ylhydrazine 
(I/42) with R-COOH, R-COCl and pyridine, or R-COOR 1 to give 
monoacyl derivatives (I/43), which, upon heating with 
phosphoryl chloride, gave the 3-alkyl-5,8-dimethyl-7-methoxy-
~-triazolo[4,3-~]pyrimidines (I/44); they were also obtained 
directly from the hydrazine and acid anhydrides. The later 
authors reported the condensation of pyrimidin-4-ylhydrazines 
(I/45) with cyanogen chloride, cyanogen bromide, alkyl-
l 7. 
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thiourea, and guanidine to give 5,7 ,8-trisubstituted-s-
triazolo[4,3-~]pyrimidin-3-amines (I/46) or 5,7,8-trisub-
stituted-~-triazolo[l ,5-~]pyrimidin-2-amines (I/47). The 
latter were supposed to be formed by Dimroth-like rearrange-
ment from their [4,3-~] isomers under acidic reaction 
conditions; indeed some e xisting papers contain incorrect 
structures because of the very easy iso merisation of 
~-triazolo[4,3-~]pyrimidines into their [l ,5-~] isomers. 
~-Triazolo[l ,5-~]pyrimidines have been prepared by 
following routes: (a) acidic, alkaline or thermal Di mr oth-
like rearrangement of ~-triazolo[4,3-~]pyrimidines; (b) the 
reaction of 6-amino-2-methylpyrimidin-4(3~)-one (I/48) with 
~-mesitylenesulphonylhydroxylamine to give the corresponding 
~-aminopyrimidinium salt (I/49) which underwent cyclization 
into ~-triazolo[l ,5-~]pyrimidine~ (I/50) with acylating 
agents (Tamura et al., 1975); and (c) a dehydrative cyclization 
of the 'oxime' (I/51) with polyphosphoric acid (Jenko, 
Stanovnik and Tisler, 1976) . 
I-3-D s-Triazolopyrazines 
Prior to 1962, the only examples of the ~-triazolo-
pyrazine system were their fused analogues, viz. s-triazolo-
[4,3-~]quinoxalines. However, in 1962 the first synthesis of 
the (unfused) ~-triazolo[4,3-~]pyrazines (I/53), including the 
parent compound, was reported by Nelson and Potts. The 
starting materials, pyrazin-2-ylhydrazines (I/52), were 
prepared in good yield from the corresponding 2-chloro-
pyrazines and 98 % hydrazine in boiling ethanol. In such 
cases, orthoesters were found to be the most efficient agents 
for ring closure of pyrazine intermediates; formic acid and 
RXN)NHNH2 
R N 
(I/52) 
(I/56) 
(I/58) 
R 1 F:, 
R1C(0Et) 3 Rx~N 
R N 
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R 1 = H ' 
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(I/59) 
21. 
CH 3 , C5H5 
CH 3, CzH5 
(I/55) 
22. 
dimethylformamide gave only poor yi elds of ~-triazolopyrazines. 
The isomeric ~-~riazolo[l ,5-~]pyrazines (I/55) were first 
prepared by Badger, Nelson and Potts in 1964 by dehydrogen-
ation of ~-pyrazin-2-ylbenzamidines (I/54) with lead tetra-
acetate. The first example of isomerization from s-triazolo-
[4,3-~]?yrazine to the corresponding [l ,5-~] isomer was 
reported by Mallett and Rose (1966). Treatment of 5,6-
disubstituted-~-triazolo[4,3-~]pyrazin-3-amines (I/56) with 
boiling ~-hydrochloric acid gave 5,6-disubstituted-~-triazolo-
[l ,5-~]pyrazin-2(3~)-ones (I/57) (instead of the corresponding 
amino derivatives). In this case only treatment with acid 
was successful in inducing rearrangement. Attempts to 
isomerize triazolo[4,3-~]pyrazin-3(2~)-ones were unsuccessful. 
Potts and Schneller (1J68) showed another example of Dimroth-
like isomerization: when 5,8-di·methyl-~-triazolo[4,3-~]-
pyrazine (I/58) was refluxed with 10 % aqueous sodium hydroxide 
for 60 h, the product was the corresponding [l,5-a] isomer 
(I/59); the yield was poor (20 %). Heating the substrate 
(1/58) under reflux with 10 % hydrochloric acid or heating it 
above its melting point, gave only starting material. These 
authors suggested that greater n-electron density at the 
5-position (H.M.O. calculation) of ~-triazolo[4,3-~]pyrazine, 
compared with that at the corresponding position in other 
related s-triazolodiazines, could explain the difficulty of 
this rearrangement. 
I-3-E s-Triazoloquinolines 
Tricyclic s-triazolo compounds, such as ~-triazolo-
quinoline, ~-triazoloquinoxaline or ~-triazoloquinazoline, 
etc., will be recognised as benzo-fused derivatives of the 
23. 
corresponding bicyclic ~-triazolo co mpounds. Thus their 
primary syntheses and chemical behaviour are quite a kin to 
those of their bicyclic analogues . 
In 1900, Marckwald and Meyer reported that heating 
quinolin-2-ylhydrazine with for mic acid gave ~-triazolo[4,3-~]-
quinoline (I/60). Soon after, Marckwald and Chain (1900) made 
~-triazolo[4,3-~]quinoline-1(2~)-thiones (I/62) by heating of 
thiosemicarbazides (I/61), which were prepared fro m quinolin-
2-ylhydrazines and phenyl isothiocyanate. In addition, 
Beasley et al. (1958) obtained the parent thione (I/62; R = H) 
from the reaction of quinolin-2-ylhydrazine and carbon 
disulfide. Reynolds and VanAllan (1959) reported that 
quinolin-2-ylhydrazine reacted with phenyl salicylates or 
phenylisocyanates to give l-aryl-~-triazolo[4,3-~]quinolines, 
but details about products were not given. Later Nagui and 
Srinivasan (1965) reported the same type of reaction. 
2-Quinolinylhydrazones (I/63) were prepared by the treatment 
of quinolin-2-ylhydrazine with aromatic aldehydes and 
subsequent cyclization was completed by refluxing with 
nitrobenzene or ethanolic ferric chloride to give various 
l-aryl-~-triazolo[4,3-~]quinolines (I/64). Another interesting 
method was developed by Gehlen and Neumann in 1969: the 
reaction of quinolin-2-ylhydrazine with 5-(R-substituted)-
l ,3,4-oxadizol-2-amines (I/65) in ethanol-pyridine gave 
3-[N'-(R-substituted)hydrazine]-~-triazolo[4,3-~]quinolines 
(I/66). In 1972 Potts et al. showed quinolin-2-ylhydrazines 
were cyclized quite nicely with aliphatic acids, a convenient 
route to 3-alkyl derivatives. 
The first report of a synthesis of the isomeric 
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~-triazolo[l ,5-~Jquinoline syste m wa s presented by Reimlinger 
et al. (1976). Chlorodifluoracetonitrile (I/6 8) reacted with 
quinolin-2-amine (I/67} at room temperature to give the 
chlorodifluoroacetoamidine derivative (I/69); oxid ative 
cyclization of (I/69) with lead tetraacetate gave 2-chloro-
difluoromethyl-~-triazolo[l ,5-~Jquinoline (I/70). 
I-3-F s-Triazoloisoguinolines 
The first synthesis of a ~-triazoloisoquinoline 
was made by Nagui and Srinivasan (1965). The reaction of 
isoquinolin-1-ylhydrazine and benzaldehyde gave the isoquino-
lynylhydrazone (I/71). This hydrazone underwent cyclization 
on heating under reflux in nitrobenzene or ethanolic ferric 
chloride to give 3-phenyl-~-triazolo[3,4-~]isoquinoline (I/72) 
in excellent yield. 
Sidhu, Nagui and Iyengar (1966) reported the refluxing 
of isoquinolin-1-ylhydrazine (I/73) with formic acid or 
triethyl orthoformate to yield ~-triazolo[3,4-~]isoquinoline 
(I/74; R = H). Similarly, the 3-methyl derivative (I/74; 
R = CH 3 ) was obtained in good yield from (I/73) and glacial 
acetic acid. ~-Triazolo[3,4-~]isoquinolin-3(2~)-one (I/74a) 
was likewise obtained from the substrate (I/73) and ethyl 
chloroformate by refluxing with aqueous potassium hydroxide. 
Several years later Reimlinger et al. (1970} described the 
reaction between 1-chloroisoquinoline and 5-substituted 
tetrazole, (which formed conjugated nitrilimines) to give 
3-substituted-~-triazolo[3,4-~]isoquinolines (I/75). 
They also obtained several 3-substituted-~-triazolo-
[3,4-~]isoquinolines by the following routes: (a) reaction 
of 1-chloroisoquinoline with N2H4 and ClCOOR; (b) treatment 
27. 
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of isoquinolin-2-ylhydrazines with acylating agents such as 
R-COCl, CF 3COOF, (CH 3C0) 20, C2H5cs 2c2H5 ; (c) by a one step 
reaction of 1-chloroisoquinoline with NHNHCOR; and (d) treat-
ment of 1-[2-(RCO-substituted)hydrazino]isoquinolines with 
thionyl chloride (Reimlinger, Vandewalle and Lingier, 1970). 
In the early sixties, the synthesis of 5,6-dihydro-~-
triazolo[5,l-~]isoquinolines was demonstrated by German 
workers in MLlnchen (Huisgen et al., 1960; Grashey et al., 
1962). These authors used an azomethine-imine (I/76) as the 
starting material. The reaction between (I/76) and isocyanate, 
isothiocyanate or carbodiimide gave the products (I/77). 
Similarly products (I/78) were made from nitriles or thio-
cyanates, and products (I/79) from R1-N = CH-R 2 . 
Reimlinger, Lingier and Merenyi (1970) reported that 
isoquinolin-1-amine (I/80) reacted with trifluoroacetonitrile 
to give the trifluoroacetamidine (I/81) which, on oxidative 
cyclization with lead tetraacetate, gave 2-trifluoromethyl-~-
triazolo[5,l-~]isoquinoline (I/82). Later, Reimlinger et al. 
(1971) also made several 2-substituted-~-triazolo[5,l-~]-
isoquinolines by this method but the parent heterocycle could 
not be so obtained. 
Isomerization of ~-triazolo[3,4-~]isoquinoline was 
reported by three different groups in 1971. Hoogzand (1971) 
showed that the ~-triazolo[3,4-~]isoquinolines (I/83) 
isomerized on heating with aqueous potassium hydroxide in 
ethylene glycol to give the corresponding [5,l-~] isomers 
(I/84). Reimlinger et al. (1971) reported that, when the 
heterocycle (I/85) was heated with sodium butoxide, 
competition was observed between the isomerization to isomer 
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(I/86) and a ring cleavage to isoquinolin-1-amine (I/87). 
Reimlinge r , Lingier and Vandewalle (1971) presented other 
interesting examples of isomerization. ~-Triazolo[3,4-~]-
isoquinoline-6-carbonitrile (I/88) iso merized on heating under 
reflux with aqueous sodium hydroxide to give the rearranged 
amine (I/89). Also, prolonged heating of the 5-chloro 
compound with aqueous potassium hydroxide in di methyl-
sulfoxide or the 6-chloro compound with the equivalent of 
sodium methoxide gave 5-hydroxy-~-triazolo[5,l-~]isoquinoline. 
I-3-G s-Triazolophthalazines 
In 1949 some ~-triazolo[4,3-~]phthalazines were 
made by Hartmann and Druey under U.S. patent. The reaction of 
phthalazin-1-ylhydrazine (I/90) with formic acid gave the 
parent ~-triazolo[4,3-~]phthalazi~e. 3-Methyl- and 3-phenyl-
~-triazolo[4,3-.~]phthalazine were obtained from the sa me 
starting material by heating under reflux in pyridine with 
acetyl chloride or benzoyl chloride, respectively. The first 
regular paper describing s-triazolophthalazine was presented 
by Druey and Ringier (1951). These authors reported the 
following reactions. 
(a) The reaction of phthalazin-1-ylhydrazine and ketones 
Phthalazin-1-ylhydrazine (I/90) was allowed to react 
with various ketones to give corresponding hydrazones, which, 
upon heating, cyclized to 3-substituted-~-triazolophthalazines 
(I/91). 
(b) The reaction of phthalazin-1-ylhydrazine and acids 
The substrate (I/90) reacted with carboxylic acids 
to yield the same products (I/91) directly. 
(c) 4-Methylphthalazin-l-ylhydrazine (I/92) in methanol 
33. 
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reacted with arylisothiocyanates to give the corresponding 
thiosemicarbazide (I/93). Heating this with glacial acetic 
acid gave a mixture of 6-methyl-~-triazolo[4,3-~]phthalazine-
3(2li)-thione (I/94) (38 %} and ~-alkyl-6-methyl-~-triazolo-
[4,3-~]phthalazin-3-amine (I/95) (38 %). 
Potts and Lovellete (1969) reported that treatment of 
4(R-substituted)-phthalazin-l-ylhydrazines (R = H, CH 3} with 
boiling triethyl orthoformate gave the corresponding 
~-triazolo[4,3-~]phthalazines; that phthalazin-1-ylhydrazine 
with carbon disulfide and aqueous sodium hydroxide gave the 
~-triazolophthalazine-3(2li)-thione in excellent yield; and 
that fusion of same phthalazine with urea afforded an 
excellent yield of ~-triazolophthalazin-3(2li)-one. s-Triazolo-
[4,3-~]phthalazin-3-amine (I/96) was obtained from phthalazin-
1-ylhydrazine and cyanogen bromide in boiling methanol. The 
same authors also obtained bis-~-triazolo[3,4-~:4' ,3'-~]-
phthalazines (I/98) from the reaction of phthalazine-1,4-
diyldihydrazine (I/97) (prepared from phthalonitrile and an 
excess of hydrazine hydrate) with boiling triethyl orthoformate 
or cyanogen bromide in boiling methanol. When triethyl ortho-
formate was replaced by the orthoacetate, ring closure involved 
only one hydrazine group to give the 3-methyl-~-triazolo-
[3,4-~]phthalazin-6-ylhydrazone (I/99) . 
I-3-H s-Triazologuinazolines 
In 1961 Huisgen, Sturm and Seidel reported that 
heating 4-chloroquinazoline (I/100) under reflux with 
5-phenyltetrazole (I/101) in pyridine gave 3-phenyl-~-
triazolo[4,3-~]quinazoline (I/102), in excellent yield. 
Two years later Sidhu, Thyagarajan and Rao (1963) 
Cl 
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obtained the same compound by condensation of quinazolin-4-
ylhydrazine (I/103) with benzoyl chloride to give the 
corresponding acylhydrazine derivative and thence, by 
treatment with phosphoryl chloride, the product (I/102); it 
was also prepared by condensation of the quinazolinyl-
hydrazine with benzaldehyde, followed by oxidation with 
ferric chloride. Similar use of furfural gave the 3-furyl 
analogue. ~-Triazolo[4,3-~]quinazoline-3(2li)-thione (I/104) 
was prepared in 65 % yield by heating quinazolin-4-ylhydrazine 
and carbondisulfide under reflux in chloroform. 
Postovskii et al. (1966) showed that 2(R-substituted)-
4-quinazolin-4-ylhydrazines (I/105) reacted with boiling 
triethyl orthoformate to yield 5(R-substituted)-~-triazolo-
[4,3-~]quinazolines (I/106). Further, Potts and Brugel (1970) 
reported that such reactions were best carried out in the 
presence of potassium carbonate: without it, a mixture of the 
[4,3-~J- and [l ,5-~]-isomers resulted, probably on account of 
the presence of traces of the appropriate acid, which caused 
rearrangement. These authors also noted an exception: the 
reaction of 2-methylquinazolin-4-ylhydrazine and ortho esters, 
even with potassium carbonate, always gave a mixture of both 
isomers. In contrast, Postovskii et al. (1966) reported that 
they obtained only the [4,3-~] isomer by the reaction of the 
same starting material and triethyl orthoformate; a reaction 
not specifically studied by Potts and Brugel (1970). 
The first synthesis of a ~-triazolo[l ,5-~]quinazoline was 
reported by Ried and Valentin in 1968. Their interesting 
procedure involved 4-oxo-4tl-3,l-benzoxazines (I/107) which 
were heated under reflux with aminoguanidine (I/108), hydro-
38 . 
gencarbonate (or hydrochloride) in pyridine to give s-triazolo-
[l ,5-~]quinazolin-2-amines (I/109). Their sugg ested mec hanis m 
is shown. In addition, 5-methyl-~-triazolo[l ,5-~Jquinazolin-
2-amine (I/109; R = H, R1 = CH 3 ) was obtained by the follo wing 
two methods: (a) the reaction of 2-methylquinazolin-3-a mine 
and cyanamide; and (b) the reaction of 2-methylquinazolin-4-
ylhydrazine and cyanogen bromide in methanol containing a 
little of cone. hydrochloric acid (to cause rearrange ment of 
the [4,3-~] isomer). 
In 1973 Bowie, Thomason and Jarvis showed that 4H-s-
triazol-4-a mines (I/110) (formed from 4-chloroquinazolines 
with hydrazine hydrate) reacted with cyanogen bromide to give 
1 , 5 - d i am i n o - 1 !:!_ - ~ - t r i a z o 1 o [ 1 , 5 -~] q u i n a z o l i um b r om i d e s ( I / 1 1 l ) 
in good yield. 
Isomerization of ~-triazolo[4,3-~]quinazoline into its 
[l ,5-~J isomer was investigated by Potts and Brugel (1970). 
They found that the rearrange ment was extre mely facile in 
acidic media or by heating. They also noted that the n.m.r. 
spectra of both isomers were very characteristic: in 
particular, the 2-substituents of [l ,5-~J isomers sho wed 
higher field chemical shifts in comparison with the correspond-
ing 3-substituents of [4,3-~] isomers. This agrees with the 
corresponding ~-triazolo[4,3-~]- and [l ,5-~]-pyrimidines 
(Jenko, Stanovnik and Tisler, 1976; Brown and Nagamatsu, 1978). 
In 1950 Cook et al. reported that the reaction of 1,2,4-
triazol-5-amine with ethyl 2-oxo-cyclohexanecarboxylate gave 
only one product to which they assigned structure (I/112) or 
(I/113). 
Similarly, to the reaction product from the same triazole 
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and 2-formylcyclohexane, they assigned the structure (I/114) 
or (I/115). 
Some nine years later, Sirakawa (1959b) reported that 
prolonged heating of 2-hydrazino-5,6,7,8-tetrahydroquinazolin-
4(3~)-one (I/116) with formic acid gave three triazolo 
compounds, the ~-triazolo[4,3-~]- (I/117), ~-triazolo[3,4-Q]-
(I/ll8) and ~-triazolo[5,l-Q]-quinazolinols (I/119). 
From a comparison of the above compounds and the products 
which were obtained from repetition of the work of Cook et al. 
(1950), it became clear that the substance previously assigned 
the structure (I/112) or (I/113) was, in fact, the tetrahydro-
~-triazolo[5,l-Q]quinazolinol (I/119). Likewise, the products 
assigned structures (I/114) and (I/115), were in fact tetra-
hydro-s-triazolo[4,3-~]quinazoline and its [5,l-Q] isomer. 
In his paper, Sirakawa (1959b) described an interesting 
non-Dimroth rearrangement. When the ~-triazolo[3,4-Q]-
quinazolinol (I/118) was heated near its melting point, it 
was isomerized by a Dimroth-like rearrangement to its [5,l-Q] 
isomer (I/119) but, in addition, a small amount of its 
[4,3-~] isomer (I/117) was found. The same result was 
obtained by prolonged boiling of compound (I/118) with formic 
acid. In 1964, Bereshchagina and Postovskii reported that the 
reaction of 2-hydrazino-3-substituted-quinazolin-4-ones 
(I/120) with boiling orthoformate gave the corresponding 
~-triazo lo[4,3-~]quinazolinones (I/121). The l-thioxo 
analogues (I/122) were also prepared from the same hydrazines 
and carbon disulfide in pyridine. 
I-3-I s-Triazologuinoxalines 
In 1959, Asano reported that 3-hydrazino-
43. 
quinoxaline-2(1~)-thione was acetylated by acetyl chloride 
or acetic anhydride to give the acetylhydrazino derivative. 
This was cyclized on heating with ethanol containing a little 
hydrochloric acid, to give l-methyl-~-triazolo[4,3-~]-
quinoxaline-4(5~)-thione. In 1960, Shiho and Tagami 
demonstrated various reactions of 3-substituted-quinoxalin-
2-ylhydrazines (I/123) with carbonyl compounds. This paper 
describes the following reactions. 
(a) The reaction of the substrates (I/123) with 
carboxylic acids, etc. 
The quinoxalines (I/123) reacted with acid chlorides, 
organic acids, acetic anhydride or orthoesters to give 4-R-
~-triazolo[4,3-~]quinoxalines (I/124) directly and in good 
yield. The reaction of compounds (I/123) with ethyl chloro-
formate yielded the ~-triazolo[3,4-~]quinoxalin-1(2~)-ones 
(I/125). The products (I/124) were also obtained, although 
in poor yield, by the reaction of the 2-chloroquinoxalines 
(I/126) with mono- or di-acylhydrazine. 
(b) The reaction of the substrates (I/123) with ketones 
or aldehydes 
The compounds (I/123) reacted with ketones or 
aldehydes to form the corresponding hydrazones (I/127) which, 
upon heating, gave the s-triazoloquinoxalines (I/128a,b). 
When unsymmetrical ketones were employed, the molecule with 
the larger steric requirement was preferentially liberated as 
the hydrocarbon. 
(c) The reaction of the substrates (I/123) with 
a -ketonic acids 
Hydrazones, similar to those above, were formed; 
(I/125) 
(I/127) 
(I/128a) 
(I/128b) 
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they were cyclized by pyrolysis or boiling with carbo xylic 
acids. 
(d) The reaction between the substrates (I/123) and 
S-ketonic esters 
When the compounds (I/123) reacted with S-ketonic 
esters, pyrazolones (I/129) or ~-triazolo compounds (I/130) 
were obtained by the routes indicated. The nature of the 
products depended upon the 3-substituent of the starting 
material and on the S-ketonic ester used. For example, the 
reaction of (I/123; R = CH(CH 3 )c 2H5 ) and ethyl acetoacetate 
1 gave a ~-triazolo compound (I/130; R = CH(CH 3 )c 2H5 , R = CH 3), 
but when ethyl acetoacetate was replaced by ethyl benzoyl-
acetate, propyl 2-methylbenzoylacetate or ethyl 2-chloro-
benzoylacetate, only pyrazolones were obtained. 
Potts and Schneller (1968) also obtained s-triazolo-
[3,4-~]quinoxalin-1(2~)-ones by fusion of quinoxalinyl-
hydrazines with urea. They prepared 4-phenyl-~-triazolo-
[3,4-~]quinoxalin-1-amine (I/131) from quinoxalinylhydrazine 
with cyanogen bromide in methanol, while 4-methyl-~-triazolo-
[3,4-~]quinoxaline-1(2~)-thione (I/132) was made by ring 
closure with carbon disulfide. 
I-3-J s-Triazolopurines 
In 1959 Glushkov et al. reported that the treat-
ment of '8-hydrazinocaffeine' with boiling formamide gave 
·~-triazolo[4,3-~Jcaffeine' (I/133) but no evidence for that 
structure was presented. In 1965 Temple et al. presented the 
first examples of the synthesis of a ~-triazolo[3,4-l]purine 
and its rearrangement into the [5,1-l] isomer. Thus treat-
ment of purin-6-ylhydrazines with diethoxymeth y l acetate, or 
0 CH 3 I 
CH 3'---.__ N N 
I >-NHNH1 OAN N 
l 
I 
CH 3 
NHNH 2 
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IN 
I)? N H 
(I/135) 
R = CH 3 
,.. 
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triethyl orthoformate containing a trace of hydrochloric 
acid, gave ~-triazolo[3,4-l]purines (I/134). The reaction of 
the parent ~-triazolo[3,4-l]purine (I/134; R = H) with 
hydrochloric acid gave the triazole (I/135; R = H), which was 
converted subsequently into the corresponding s-triazolo-
[5,1-l] isomer (I/136; R = H) by treatment with diethoxymethyl 
acetate at room temperature. The same compound (I/136; R = H) 
was obtained directly by Dimroth-like rearrangement. Thus the 
reaction of ~-triazolo[3,4-l]purine (I/134; R = H) with hot 
(180 - 185°) formamide gave the corresponding ~-triazolo[S,1-l] 
isomer (I/136; R = H). Similarly 7- and 9-benzyl-~-triazolo-
[3,4-l]purines (I/134; R = CH 2c6H5 ) were converted to their 
[5,1-l] isomers (I/136; R = CH 2C6H5) by Dimroth-like rearrange-
ment . The unambiguous synthesis of ~-triazolo[S,1-l]purines 
was recorded by two groups independently in 1974. Wiemer and 
Leonard (1974) reported that when '1-aminoadenium mesitylene-
sulfonate' (I/137) (prepared from adenine with ~-mesitylene-
sulfonylhydroxylamine) was heated with a mixture of triethyl 
orthoformate and dimethylformamide, the ~-triazolopurine (I/139; 
R= H) resulted. Huang et al. (1974) obtained the same type of 
compound (I/139; R = CH 3 ) from the reaction of 'l-amino-9-
methyladenine' (I/138) and triethyl orthoformate. 
The synthesis of the ~-triazolo[4,3-~]purinone (I/140ab) 
was reported by Marumoto, Yoshioka and Honjo (1974). They 
showed that the reaction of '2-hydrazinoinosine' (prepared by 
hydrazinolysis of the corresponding bromo compound) with a hot 
mixture of triethyl orthoformate and dimethylformamide 
afforded the separable mixture (I/140a) and (I/140b). Mean-
while, a ~-triazol o[l ,5-~]purine was prepared by Anderson, 
------- ·------------------------------.. --
I 
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Rizkalla and Broom (1974). These authors described how 
'l-aminoguanosine' (I/141) was stirred in dimethylformamide 
containing a little phosphoryl chloride at room temperature 
to give ribofuranosyl-~-triazolo[l ,5-~]purine (I/142) in 
moderate yield. 
I-3-K Bis-s-triazolopyrimidines 
The first examples of the four possible bis-~-
triazolopyrimidine systems (I/143-146) were reported by Karp 
and Portnyagina (1970). The reaction of pyrimidine-2,4-
diyldihydrazines with boiling formic acid gave the products 
on which they assigned structures correctly as members of 
sys t em ( I / l 4 3 ) , b u t n am e d i n c o r re c t l y a s t h e [ l , 5 -~: l ' , 5 ' -~] 
isomers. Soon afterwards, Reimlinger (1970) reported that 
7-acylhydrazino-~-triazolo[l ,5-~]~yrimidines were transformed 
i n to bi s -~ - tr i a z o l o [ l , 5 -~: 4 ' , 3 ' -~] p yr i mi di n es . Fi v e ye a rs 
later La Nace and Guiliani (1975) attempted to make the 
derivatives of (I/143) by the reaction of ~-triazolo[4,3-~]-
pyrimidin-7-ylhydrazine and one-carbon reagents, but they 
assigned an incorrect structure to their tricyclic products 
because the initial bicyclic intermediates had rearranged 
before use. Recently, Brown and Nagamatsu (1979) rationalized 
the above confused picture and prepared authentic derivatives 
of the three systems (I/143-145). From the reaction of 
pyrimidine-2,4-diyldihydrazine (I/147; R1 = H) with boiling 
formic acid or triethyl orthoformate (especially with added 
phosphoryl chloride or dimethylformamide), they obtained the 
pa re n t b i s -~ - t r i a z o l o [ 4 , 3 -~: 4 ' , 3 ' -~] p yr i m i d i n e ( I /l 4 8 ; 
R1 = R2 = R3 = H). Similarly alkyl derivatives of (I/148) 
were prepared with an appropriate orthoester . Derivatives of 
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(I/148) were also made fro m authentic bicyclic int ermed iates 
and suitable orthoesters. 
The tr i c y cl i c bi s -~ - tr i a z o l o [ 4 , 3 - ~: l ' , 5 ' -~] p yr i mi di n es 
(I/150) were prepared from bicyclic ~-triazolo[l ,5-~]-
pyrimidines (I/149) of confirmed structure. Unli ke the 
bicyclic-~-triazolo[4,3-~]- and ~-triazolo[4,3-~]-pyrimidines, 
which readily underwent Dimroth-like rearrangement to their 
re s p e c t i v e [ l , 5 - ~] - o r [ l , 5 -~] i s om e r s i n a c i d o r a l k a l i , t h e 
tricyclic bis-~-triazolo[4,3-~:4' ,3'-~]pyrimidines proved 
stable under such conditions. However they found that 3,9-
dimethylbis- and 3,5,9-trimethylbis-~-triazolo[4,3-~:4' ,3'-~]-
pyrimidine did undergo partial rearrangement on fusion above 
300° to give modest yields of their respective isomers (I/151), 
in which onl·y the ~-fused triazole ring had undergone 
rearrangement. They noted that the structures of described 
products could be confirmed by n.m.r. spectra. 
B i s -~ - t r i a z o l o [ l , 5 -~: l ' , 5 ' - ~] p yr i m i d i n e ( I / l 4 6 ) rem a i n e d 
unknown. 
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CHAPTER II 
B I S -~ - T R I AZ O L O [ l , 5 -~: l ' , 5 ' - ~] P Y R I M ID I N E 
AND SOME SIMPLE DERIVATIVES 
II-1 Introduction 
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In 1970, Karp and Portnyagina reported that 5- and 6-
methylpyrimidine-2,4-diyldihydrazine (II/1) reacted with 
boiling formic acid to give 6- and 5-methylbis-~-triazolo-
[l ,5-~:l',5'-~]pyrimidine (II/3), respectively. However they 
gave no structural evidence and, indeed, formulated their 
products as the isomeric ~-triazolo[4,3-~:4' ,3'-~]pyrimidines 
(II/2). A recent repetition of the work of Karp and 
Portnyagina by Brown and Nagamatsu (1979) confirmed that the 
reaction products were, in fact, the bis-~-triazolo[4,3-~: 
4 ' , 3 ' -~] p y r i m i d i n e s ( I I / 2 ) . T h u s , t h e e x p e r i me n t s we re 
directed towards the preparation of the hitherto unknown 
s y s t em b i s -~ - t r i a z o l o [ l , 5 -~: l ' , 5 ' -~] p yr i m i d i n e s o t h a t 
appropriate derivatives may be used eventually for study as 
amplifiers of the antibiotic and antitumor agent phleomycin 
(cf. Chapter I-1). 
II-2 Synthesis of Bis-s-triazolo[l ,5-a:l ',5'-c]pyrimidines 
Brown and Nagamatsu (1979) noted that most of the 
tricyclic bis-~-triazolopyrimidines were stable in acid or 
alkali and resisted any Dimroth-like rearrangement. Therefore, 
t h e syn t h e s i s o f b i s -~ - t r i a z o l o [ l , 5 -~: l ' , 5 ' -~] p y r i m i d i n e , i n 
which both a-fused and c-fused triazolo rings are of the 
rearranged type, has been approached by an unambiguous route 
using the general procedure of Polanc et al. (1974) and 
(II/1) 
(II/2) 
Nl~-
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Vercek et al. (1978) (see Chapter I). Thus the initial 
starting material, uracil (II/4; R = H), was converted by 
improved procedures into 4-thiouracil (II/5; R = H) (Mizuno, 
Ikehara and Watanabe, 1962). Subsequent hydrazinolysis gave 
4-hydrazinopyrimidin-2(1tl)-one (II/6; R = H). This underwent 
cyclization in boiling formic acid, triethyl orthoacetate or 
triethyl orthobenzoate to the intermediate triazolo[4,3-£]-
pyrimidines (II/7) which rearranged to yield their respective 
[1 ,5-£] isomers (II/8) in good yield. The spontaneous 
rearrangement of the intermediates (II/7) into their [1 ,5-£] 
isomers (II/8) was confirmed by comparing their n.m.r. spectra 
with those of proven structures (Brown and Nagamatsu, 1979). 
Treatment of these compounds with phosphoryl chloride in the 
presence of ~.~-diethylaniline gave the corresponding chloro 
derivatives (II/9) which converted into primary amines (II/10) 
by reaction with saturated methanolic ammonia. With dimethyl-
formamide dimethyl acetal, these were transformed into the 
Schiff bases (II/11) which readily underwent successive 
transamination by hydroxylamine to give ~-hydroxy-~'-(~-
triazolo[l ,5-£]pyrimidin-5-yl)formamidines (II/12) in 
excellent yield. Q-Acetylation of these compounds with acetic 
anhydride under mild conditions gave the corresponding 
~-acetoxy-~'-(~-triazolo[l ,5-£]pyrimidin-5-yl)formamidines 
(II/13). Subsequent cyclization was completed by boiling 
these compounds with water to furnish the required tricyclic 
bis-~-triazolo[l ,5-~:1' ,5'-£]pyrimidines (II/14; R1 = H). 
Likewise, 6-methyluracil (II/4; R = Me) eventually gave the 
homologous bis-~-triazolo[l ,5-~:1 ',5'-£]pyrimidines (II/14; 
R1 = Me) by the same sequences. The bicyclic intermediates, 
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7-methyl- -(II/8; R1 = Me, R2 = H) and 2,7-dimethyl-~-
triazolo[l ,5-~]pyrimidin-5(6~)-ones (II/8; Rl = R2 = Me) as 
well as their chloro derivatives (II/9; R1 = Me, R2 = H) and 
(II/9; R1 = R2 = Me) had been described previously (Brown and 
Nagamatsu, 1979). 
II-3 N.m.r. and U.v. Spectra of Bis-s-triazolo[l ,5-a:l' ,5'-cl-
pyrimidines and Their Precursors 
The n.m.r. spectra of the bicyclic compounds (II/9-13) 
were little affected by the change in 5-substituent except for 
the chemical shift of H 8. This reflected, for example, 
electron-withdrawal ( o 7.87) in the 5-chloro derivative 
(II/9a), electron-release ( o 6.94) in the 5-amino derivative 
(II/l0a) and the effect of protonation ( o 7.79) in the acetoxy 
derivative (II/13a) dissolved (necessarily) in trifluoroacetic 
acid. Chemical shifts in the tricyclic compounds (II/14) 
proved quite consistent with those in isomeric systems. For 
example, Figure II-1 summarizes chemical shifts in 5-methylbis-
~-triazolo[l ,5-~:l ',5'-~]pyrimidine (II/14d) for comparison 
with those of two isomeric systems, 9-methylbis-~-triazolo-
[l ,5-~:4' ,3'-~]pyrimidine (II/15) (Reimlinger, 1970) and 
5-methylbis-~-triazolo[4,3-~:l ',5'-~]pyrimidine (II/16) 
(Brown and Nagamatsu, 1979). This indicates that H 2 ( o 8.44) 
and H 8 (o 8.64) in (II/14d) lay close to the corresponding 
triazole-ring protons, H 2 ( o 8.35) in (II/15) and H 8 (o 8.62) 
in (II/16). Likewise, the pyrimidine-ring protons (H 5, H 6) 
in the system (II/14) differed little in position from the 
corresponding protons in isomeric systems (Reimlinger, 1970; 
Brown and Nagamatsu, 1979). The tricyclic products (II/14) 
showed ultraviolet spectra of two main peaks (<220, c. 260 nm), 
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each flanked by well-developed shoulders. Details of n. m.r. 
and ultraviolet spectra are described in the Experimental 
section (II-4) . 
II-4 Experimental 
Analyses were done by the A.N.U. Analytical Services 
Unit. Melting points were uncorrected. N.m.r. spectra were 
measured (except as otherwise indicated) in (CD 3 ) 2so at 
60 MHz and 35° against Me 4Si as internal standard (chemical 
shifts in o; ~ values in Hz); u.v. spectra were recorded from 
ethanolic solutions and the given data (shoulders in italics) 
were checked on a manual spectrophotometer. 
4-Hydrazinopyrimidin-2(1H)-ones (II/6; R =Hor Me) 
Phosphorus pentasulfide (7.0 g) was added to a hot 
solution of uracil (II/4; R = H) (12.0 g) in anhydrous pyridine 
(600 ml) and the mixture was boiled under reflux with stirring 
for 20 h. After evaporation of the solvent, the residue was 
extracted thoroughly with boiling ethanol. On refrigeration, 
the filtrate deposited a solid which was washed with water and 
recrystallized from ethanol to give 4-thiouracil (II/5; R = H) 
(86 %), m.p. 317-321° (Mizuno, Ikehara, Watanabe, 1962:77 %; 
320°). 6-Methyluracil (II/4; R = Me) was converted similarly 
into 6-methyl-4-thiouracil (II/5; R = Me) (76 %), m.p. 341-342° 
(Wheeler and McFarland, 1910: >2 50° dee.) which was methylated 
(Wheeler and McFarland, 1910) to give 4-methyl-6-methylthio-
pyrimidin-2(1~)-one (86 %), m.p. 178-180° (Wheeler and 
McFarland, 1910:174-175°). 
4-Thiouracil (II/5; R = H) (10.0 g), hydrazine hydrate 
(20 ml ), and ethanol (100 ml) were boiled under reflux for l h. 
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Refrigeration gave a solid which was combined with that 
obtained by subsequent evaporation of the filtrate and 
trituration of the residue with a little methanol. The yield 
of 4-hydrazinopyrimidin-2(1~)-one (II/6; R = H) was 67 %, m.p. 
>350° (Fox et al., 1959:305-310° dee.). 4-Hydrazino-6-
methylpyrimidin-2(1~)-one (II/6; R = Me) was made in 78 % yield 
by hydrazinolysis (Vanderhaeghe and Claesen, 1959) of the 
above 4-methyl-6-methylthiopyrimidin-2-one. 
s-Triazolo[l ,5-c]pyri ~idin-5{6H)-ones (II/8) 
The hydrazinopyrimidinone (II/6; R = H) (3.5 g) and 98 % 
formic acid (50 ml) were heated under reflux for 3 h. 
Addition of a little ethanol to the residue from evaporation 
gave s-triazolo[l ,5-c]pyrimidin-5(6H)-one (II/8a) (87 %), m.p. 
>340° (dee . ) (from water) (Found: C, 44.2; H, 3.1; N, 41.4. 
C5H4N4o requires C, 44.l; H, 3.0; N, 41.2 %). N.m.r. 6.71, d, 
J 7, H 8; 7.43, d, ~ 7, H 7; 8.34, s, H 2. 
The same pyrimidinone (triethyl orthoacetate; reflux; 
20 h) gave 2-methyl-s-triazolo[l ,5-c]pyrimidin-5(6H)-one 
(II/8b) (84 %), m.p. 321-323° (from ethanol) (Found: C, 48.2; 
H, 4.3; N, 37.8. c6H6N40 requires C, 48.0; H, 4.0; N, 37.3 %) 
(n.m.r. 2.39, s, Me; 6.58, d, ~ 7, H 8; 7.47, d, ~ 7, H 7) and 
[triethyl orthobenzoate (3 parts) in dioxane (6 parts); reflux; 
24 h] 2-phenyl-s-triazolo[l ,5-c]pyrimidin-5{6H)-one (II/8c) 
(93 %), m.p. 341-344° (from aqueous dimethylformamide) (Found: 
C, 62.7; H, 4. l; N, 26.l. c11 H8N40 requires C, 62.3; H, 3.8; 
N, 26.4 %) (n . m.r. 6.79, d, ~ 8, H 8; 7.59, d, J 8, H 7; 7.53, 
m, H 3',4',5'; 8.11, m, H 2',6'). 
Similar procedures using 4-hydrazino-6-methylpyrimidin-
2-one (II/6; R = Me) gave 7-methyl- and 2,7-dimethyl-~-
62. 
triazolo[l ,5-~]pyrimidin-5(6~)-one (II/8d) and (II/8e); 
(Brown and Nagamatsu, 1979) 2-ethyl-7-methyl-s-triazolo[l ,5-c}-
pyrimidin-5(6H)-one (II/8; R1 = Me, R2 = Et) (83 %), m.p . 
234-235° (from toluene) (Found: C, 54.0; H, 6.0; N, 31. l. 
C8H10 N40 requires C, 53.9; H, 5.7; N, 31.4%) (n.m.r. l .57, t, 
~ 7, Me of Et; 2.28, s, 7-Me; 2.73, q, ~ 7, CH 2 ; 6.45, s, H 8); 
and 7-methyl-2-phenyl-s-triazolo[l ,5-c]pyrimidin-5(6H)-one 
(II/8f) (82 %), m.p. 321-323° (from ethanol) (Found: C, 63.8; 
H, 4.5; N, 24.7. c 12 H10 N40 requires C, 63.7; H, 4.5; N, 24.8 %) 
(n.m.r. 2.31, s, Me; 6.54, s, H 8; 7.46, m, H 3',4',5'; 8.11, 
m, H 2',6'). 
5-Chloro-s-triazolo[l ,5-c]pyrimidines (II/9) 
~-Triazolo[l ,5-~]pyrimidin-5-one (II/8a) (4 g), phosphoryl 
chloride (150 ml), and ~.~-diethyl~niline (15 ml) were heated 
under reflux for 48 h. After removal of most of the excess of 
phosphoryl chloride in a vacuum at c. 100°, the residue was 
stirred in ice-water for 20 min. Extraction with ether and 
subsequent evaporation gave 5-chloro-s-triazolo[l ,5-c]pyrimidine 
(II/9a) (57 %), m.p. 124-126° (from diethyl ether) (Found: 
C, 39.2; H, 2.2; N, 36.2. c5H3ClN 4 requires C, _38.8; H, 2.0; 
N, 36.2 %). N.m.r. 7.87, d, J 6, H 8; 8.15, d, J 6, H 7; 8.69, 
s, H 2. 
Rather similarly (variations in parentheses) the 
triazolopyrimidinones (II/8b-f) gave, respectively: 5-chloro-
2-methyl-s-triazolo[l ,5-c]pyrimidine (II/9b) (heating 20 h) 
(79 %), m.p. 103-104° (from toluene) (Found: C, 43.4; H, 3.l. 
C6H5ciN 4 requires C, 42.7; H, 3.0 %) (n.m.r. 2 .55, s, Me; 7.76, 
d, ~ 2, H 8; 8. 14, d, ~ 6, H 7); 5-chloro-2-phenyl-s-triazolo-
[l ,5-c]pyrimidine (II/9c) (heating 24 h) (87 %), m.p. 190-192° 
63. 
(from toluene) (Found: C, 57.7; H, 3.2; N, 24.6. c 11 H7c1N 4 
requires C, 57.3; H, 3.1; N, 24.3 %) (n.m.r. 7.54, m, 
H 3', 4', 5'; 7. 86, d, ~ 6, H 8; 8. 16, d, ~ 6, H 7; 8. 18, m, 
H 2',6'); 5-chloro-7-methyl- and 5-chloro-2,7-dimethyl-~-
triazolo[l ,5-~]pyrimidine (II/9d) and (II/9e); (Brown and 
Nagamatsu 1979) and 5-chloro-7-methyl-2-phenyl-s-triazolo-
[l ,5-c]pyrimidine (II/9f) (heating 7 h) (82 %), m.p. 179-180° 
(from toluene) (Found: C, 59.0; H, 4.0; N, 22.8. c12 H9ClN 4 
requires C, 58.9; H, 3.7; N, 22.9 %) (n.m.r. 2.53, s, Me; 7.56, 
m, H 3',4',5'; 7.73, s, H 8; 8.21, m, H 2',6'). 
s-Triazolo[l ,5-c]pyrimidin-5-ylamines (II/10) 
5-Chloro-~-triazolo[l ,5-~]pyrimidine (II/9a) (2.0 g) and 
saturated methanolic ammonia (50 ml) were agitated in a sealed 
vessel at 20-25° for 24 h. The residue from evaporation was 
triturated with a little water to give s-triazolo[l ,5-c}-
pyrimidin-5-ylamine (II/10a) (69 %), m.p. 206-208° (from 
ethanol) (Found: C, 44.8; H, 3.6; N, 51.6. c5H5N5 requires 
C, 44.4; H, 3.7; N, 51 .8 %). N.m.r. 6.94, d, ~ 6, H 8; 7.82, 
br, NH 2 ; 7.88, d, ~ 6 H 7; 8.38, s, H 2. 
Similar treatment of the chloro compounds (II/9b-f) 
gave, respectively, 2-methyl-s-triazolo[l ,5-c]pyrimidin-5-
ylamine (II/10b) (72 %), m.p. 241-243° (from ethanol) (Found: 
C, 48.3; H, 4.8; N, 47.4. c6H7N5 requires C, 48.3; H, 4.7; 
N, 47.0 %) (n.m.r. 2.49, s, Me; 6.89, d, ~ 7, H 8; 7.80, br, 
NH 2 ; 7.83, d, ~ 7, H 7); 2-phenyl-s-triazolo[l ,5-c]pyrimidin-
5-ylamine (II/10c) (87 %), m.p. 203-204° (from ethanol) (Found: 
C, 62.2; H, 4.2; N, 32.8. c11 H9N5 requires C, 62.5; H, 4.3; 
N, 33.2 %) (n.m.r. 6.99, d, J 6, H 8; 7.57, m, H 3' ,4' ,5'; 
7.88, d, J 6, H 7; 7.91, br, NH 2 ; 8.25, m, H 2' ,6'); 7-methyl-
s-triazolo[l ,5-c]pyrimidin-5-yla mi ne (II/l0d) (52 %), m.p. 
>222° (with su~limation) (from ethanol) (Found: C, 48.2; 
64. 
H, 4.8; N, 46.8. C6H7N5 requires C, 48.3; H, 4.7; N, 47.0 %) 
(n.m.r. 2.34, s, Me; 6.82, s, H 8; 7.78, br, NH 2 ; 8.41, s, 
H 2); 2,7-dimethyl-s-t~iazolo[l ,5-c]pyrimidin-5-ylamine 
(II/l0e) (57 %), m.p. 171-173° (from water) (Found: C, 51.5; 
H, 5.8; N, 43.2. C7H9N5 requires C, 51.5; H, 5.6; N, 42.9 %) 
(n.m.r. 2.31, s, 7-Me; 2.42, s, 2-Me; 6.67, s, H 8; 7.64, br, 
NH 2 ); and 7-methyl-2-phenyl-s-triazolo[l ,5-c]pyrimidin-5-
ylamine (II/l0f) (57 %), m.p. 230-231° (from ethanol) (Found: 
C, 63.9; H, 5.0; N, 31.2. c12 H11 N5 requires C, 64.0; H, 4.9; 
N, 31.1 %) (n.m.r. 2.35, s, Me; 6.79, s, H 8; 7.47, m, 
H 3' ,4' ,5'; 7.74, br, NH 2 ; 8. 15, m, H 2' ,6'). 
N , N - D i me t h y l - N ' .:.ls -t r i a z o l o [ l , 5 - c Jp yr i m i d i n - 5 - y l ) f o rm am i d i n e s 
(II/11) 
The 5-aminotriazolopyrimidine (II/l0a) (1.5 g) and 
dimethylformamide dimethyl acetal (Aldrich: 10 ml) were 
heated at 100-110° for 20 min. Evaporation and addition of a 
little ether gave N,N-dimethyl-N'.:.ls-triazolo[l ,5-c]pyrimidin-
5-yl)formamidine (II/lla) (82 %), m.p. 120-122° (from diethyl 
ether) (Found: C, 50.3; H, 5.3; N, 44.2. C8H10 N6 requires 
C, 50.5; H, 5.3; N, 44.2 %). N.m.r. 3.21, s, NMe; 3.28, s, 
NMe; 7.27, d, J 7, H 8; 7.95, d, J 7, H 7; 8.43, s, H 2; 8.86, 
s, Me 2NC~. 
Similar treatment of the amines (II/l0b-f) gave 
N,N-dimethyl-N'-(2-methyl-s-triazolo[l ,5-c]pyrimidin-5-yl)-
formamidine (II/llb) (94 %), m.p. 122-125° (from diethyl ether) 
(Found: C, 53.0; H, 6.1; N, 41.l. c9H12 N6 requires C, 52.9; 
H, 5.9; N, 41.2 %) (n.m.r. 2.46, s, 2-Me; 3.17, s, NMe; 3.24, 
65. 
s, NMe; 7.11, d, ~ 6, H 8; 7.87, d, ~ 6, H 7; 8.79, s, 
Me 2 NC~ ) ; N , N - dimethyl - N ' - ( 2 - phenyl - s - tr i a z o l o [ l , 5 - c J py rim i di n _ 
5-yl)formamidine (II/llc) (79 %), m.p. 125-127° (from methanol) 
(Found: C, 63.2; H, 5.6; N, 31.4. C H N requires C 63 l · 14 14 6 ' · ' 
H, 5.3; N, 31.5 %) (n.m.r. 3.23, s, NMe; 3.26, s, NMe; 7.26, d, 
~ 6, H 8; 7.52, m, H 3' ,4' ,5'; 7.92, d, ~ 6, H 7; 8.18, m, 
H 2' ,6'; 8.84, s, Me 2NC~); N,N-dimethyl-N'-(7-methyl-s_:_ 
triazolo[l ,5-c]pyrimidin-5-yl )formamidine (II/lld) (89 %), 
m.p. 126-127° (from ethanol) (Found: C, 52.5; H, 5.7; 
N, 40.9. C9H12 N6 requires C, 52.9; H, 5.9; N, 41 .2 %) (n.m.r. 
2.37, s, 7-Me; 3. 17, s, NMe; 3.24, s, NMe; 7.06, s, H 8; 8.29, 
s, H 2; 8.75, s, Me 2NC~); N-(2,7-dimethyl-s-triazolo[l ,5-c}-
pyrimidin-5-yl )-N' ,N'-dimethylformamidine (II/lle) (87 %), 
m.p. 192-194° (from ethanol) (Found: C, 55.l; H, 6.3; N, 38.6. 
c10 H14 N6 requires C, 55.0; H, 6.5; N, 38.5 %) (n.m.r. 2.36, s, 
7-Me; 2.42, s, 2-Me; 3.16, s, NMe; 3.24, s, NMe; 6.97, s, H 8; 
8.80, s, Me 2NC~); and N,N-dimethyl-N'-(7-methyl-2-phenyl-s_:_ 
triazolo[l ,5-c]pyrimidin-5-yl)formamidine (II/llf) (94 %), m.p. 
179-181° (from ethanol) (Found: C, 64.4; H, 5.9; N, 30.l. 
c15 H16 N6 requires C, 64.3; H, 5.8; N, 30.0 %) (n.m.r. 2.41, s, 
7-Me; 3.23, s, NMe; 3.26, NMe; 7.08, s, _H 8; 7.55, m, 
H 3',4',5'; 8.21, m, H 2',6'; 8.80, s, Me 2NC~). 
N-Hydroxy-N'.:J..s-triazolo[l ,5-c]pyrimidin-5-yl)formamidines 
(II/12) 
The ~.~-dimethyltriazolopyrimidinylformamidine (II/lla) 
(l. l g), hydroxyl amine hydrochloride (0.6 g), and methanol 
(10 ml) were stirred at~- 25° for 15 min. After refrigeration, 
filtration gave N-hydroxy-N'.:J..s-triazolo[l ,5-c]pyrimidin-5-
yl )formamidine (II/12a) (82 %), m.p. 186-189° (dee.) (from 
66. 
ethanol) (Found: C, 40.8; H, 3.6; N, 47.1. c6H6N6o requires 
C, 40.4; H, 3.4; N, 47.2 %). N. m.r. (90 MHz; 30°) 7.43, d, 
J 6.4, H 8; 8.00, br, HOHN-CH; 8.05, d, _'2_ 6.4, H 7; 8.70, s, H 2. 
Similar treatment of the substrates (II/llb-f) gave 
N-hydroxy-N'-(2-methyl-s-triazolo[l ,5-e]pyrimidin-5-yl)-
formamidine (II/12b) (90 %), m.p. 198-199° (dee.) (Found: 
C, 43.9; H, 4.3; N, 43.5. c7H8N60 requires C, 43.7; H, 4.2; 
N, 43.7 %) [n.m.r. (90 MHz; 30°) 2.52, s, Me; 7.27, d, _'2_ 6.4, 
H 8; 7.96, br, HOHN-C~; 8.01, d, _'2_ 6.4, H 7; 8.87, br, HOHN]; 
N-hydroxy-N'-(2-phenyl-s-triazolo[l ,5-e]pyrimidin-5-yl)-
formamidine (II/12e) (88 %), m.p . 195-197° (dee.) (Found: 
C, 56.4; H, 4.1; N, 32.6. c12 H10 N6o requires C, 56.7; H, 4.0; 
N, 33.0 %) [n.m.r. (90 MHz; 30°) 7.36, d, _'2_ 6.8, H 8; 7.52, m, 
H 3'-5'; 7.89, br, HOHN-CH; 8.02, d, _'2_ 6.8, H 7; 8.20, m, 
H 2'+6']; N-hydroxy-N'-(7-methyl-s-triazolo[l ,5-c]pyrimidin-
5-yl)formamidine (II/12d) (82 %), m.p. 173° (Found: C, 43.5; 
H, 4.5; N, 43.4. c7H8N60 requires C, 43.7; H, 4.2; N, 43.7 %) 
[n.m.r. (90 MHz; 30°) 2.47, d, _'2_ 0.9, 7-Me; 7.25, q, _'2_ 0.8,0.6, 
H 8; 7.95, br, HOHN-CH; 8.56, s, H 2; 8.92, br, HOHN]; N-(2,7-
dimethyl-s-triazolo[l ,5-e]pyrimidin-5-yl)-N'-hydroxyformamidine 
(II/12e) (96 %), m.p. 199° (dee.) (Found: C, 46.4; H, 4.9; 
N, 41 .0. c8H10 N6o requires C, 46.6; H, 4.9; N, 40.8 %) [n.m.r. 
(90 MHz; 30°) 2.48, s, 2-Me; 2.53, s, 7-Me; 7. 14, s, H 8; 7.94, 
br, HOHN-CH; 8.81, br, HOHN]; and N-hydroxy-N'-(7-methyl-2-
phenyl-s-triazolo[l ,5-e]pyrimidin-5-yl)formamidine (II/12f) 
(96 %), m.p. 199-200° (dee.) (Found: C, 58.3; H, 4.6; N, 31.4. 
c13 H12 N6o requires C, 58.2; H, 4.5; N, 31.3 %) [n.m.r. (90 MHz; 
30°) 2.46, d, _'2_ 1.2, Me; 7.22, br, H 8; 7.54, m, H 3'-5'; 7.93, 
br, HOHN-CH; 8.20, m, H 2',6'; 8.95, br, HOHN]. 
. . --- -
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N-Acetoxy-N'_:J_s-triazolo[l ,5-c]pyrimidin-5-yl )formamidines 
(II/13) 
The hydroxytriazolopyrimidinylformamidine (II/12a) 
(l.0 g) and acetic anhydride (10 ml) were stirred at 25° for 
30 h. The residue from evaporation at 25° in a vacuum was 
triturated with a little water and then filtered off. After 
washing with a little water, the N-acetoxy-N'_:J_s-triazolo-
[l ,5-c]pyrimidin-5-yl)formamidine (II/13a) (71 %) had m.p. 
185-189° (from ethanol) (Found: C, 43.4; H, 3.5; N, 38.0. 
c8H8N6o2 requires C, 43.6; H, 3.7; N, 38.1 %). N.m.r. 
(CF 3co 2H) 2.41, s, Ac; 7.79, d, ~ 6, H 8; 8.71, s, Ac0HN-CH; 
8 .68, d, ~ 6, H 7; 9.08, s, H 2. 
Similar treatment of the hydroxy compounds (II/12b-f) 
gave N-acetoxy-N'-(2-methyl-s-triazolo[l ,5-c]pyrimidin-5-yl)-
formamidine (II/13b) (27 %), m.p. 139-140° (Found: C, 46.2; 
H, 4.7. c9H10 N6o2 requires C, 46.2; H, 4.3 %) [n.m.r. 
(CF 3co 2H) 2.42, s, Ac; 2.84, s, 2-Me; 7.66, d, ~ 6, H 8; 8.63, 
d, ~ 6, H 7; 8.72, s, Ac0NH-C~]; N-acetoxy-N'-(2-phenyl-s~ 
triazolo[l,5-c]pyrimidin-5-yl)formamidine (II/13c) (86 %), m.p. 
237-240° (Found: C, 57.0; H, 3.9; N, 28.2. cl4Hl2N602 
requires C, 56.8; H, 4.1; N, 28.4 %) [n.m.r. (CF 3co 2H) 2.44, s, 
Ac; 7.69, m, H 3'-5'; 7.74, d, ~ 6, H 8; 8.19, m, H 2' ,6'; 
8.67, d, ~ 6, H 7]; N-acetoxy-N'-(7-methyl-s-triazolo[l ,5-c}-
pyrimidin-5-yl)formamidine (II/13d) (43 %), m.p. 156-157° 
(Found: C ' 46.3; H ' 4. 4; N ' 35. 5. C9H10N602 requires C ' 46. 2; 
H' 4. 3; N ' 35.9 %) [n. m. r. (CFl0 2H) 2.39, s ' Ac; 2. 7 3, s' 
7-Me; 7.50, s ' H 8; 8.64, br, Ac0NH-CH; 8.88, s ' H 2]; 
N-acetoxy-N'-(2,7-dimethyl-s-triazolo[l ,5-c]pyrimidin-5-yl)-
formamidine (II/13e) (40°; 3 h; 26 %), m.p. 192-194° (Found: 
68. 
C, 48.4; H, 4.9; N, 33.9. c10 H12 N6o2 requires C, 48.4; 
H, 4.9; N, 33.8 %) [n.m.r. (CF 3co 2H) 2.41, s, Ac; 2.73, s, 
7-Me; 2.79, s, 2-Me; 7.43, s, H 8; 8.70, br, Ac0NH-CH]; and 
N-acetoxy-N'-(7-methyl-2-phenyl-s-triazolo[l ,5-c]pyrimidin-5-
yl)formamidine (II/13f) (87 %), m.p. 175-178° (Found: C, 58.4; 
H, 4.7; N, 27.2. c15 H14 N6o2 requires C, 58. 1; H, 4.5; 
N, 27. 1%) [n.m.r. (CF 3co 2H) 2.45, s, Ac; 2.76, s, 7-Me; 7.49, 
s, H 8; 7.69, m, H 3'-5'; 8.16, m, H 2',6'; 8.71, br, 
Ac0NH-CH]. 
Bis-s-triazolo[l ,5-a:l' ,5'-c]pyrimidines (II/14) 
The acetoxy compound (II/13a) (0.5 g), sodium hydrogen 
carbonate (0.25 g) and water (20 ml) were boiled under reflux 
for 0.5 . h. After evaporation in a vacuum at c. 40° a little 
ethanol or water was added to the r~sidue and refrigeration 
gave bis-s-triazolo[l ,5-a:l ',5'-c]pyrimidine (II/14a) (79 %), 
m.p. 275-277° (from dimethylformamide) (Found: C, 45.1; 
H, 2.4; N, 52.4. C6H4N6 requires C, 45.0; H, 2.5; N, 52.5 %). 
N.m.r. (90 MHz; 30°) 7.64, d, ~ 7.7, H 6; 8.56, s, H 2; 8.73, 
s, H 8; 8.97, d, ~ 7.7, H 5. A (log c) 214 nm (4.42), max. 
230 (3.86), 256 (3.91), 262 (3.92), 275 (3.68). 
Similarly the analogues (II/13b-f) gave 8-methylbis-s~ 
triazolo[l ,5-a:l ',5'-c]pyrimidine (II/14b) (82 %), m.p. 251-252° 
(Found: C , 48.5; H ' 3. 4; N ' 48.4. C7H6N6 requires C' 48.3; 
H' 3. 5; N ' 48.2 %) [n. m. r. (90 MHz; 30°) 2. 5 6, s ' Me; 7.50, d' 
J 7. 7, H 6 ; 8.52, s ' H 2 ; 8. 9 3, d' J 7. 7, H 5. A max. ( 1 o g €) 
219 nm (4.41), 230 (3.97), 256 (3.92), 263 (3.95), 275 (3.75)]; 
8-phenylbis-s-triazolo[l ,5-a:l ',5'-c] pyrimidine (II/14c) (81 %), 
m.p. 291-292° (Found: C, 61.0; H, 3.4; N, 35.9. c,2H8N6 
I 
69. 
requires C, 61 .0; H, 3.4; N, 35.6 %) [n.m.r. (90 MHz; 30°) 
7.58, m, H 3'-5'; 7.65, d, i 7.7, H 6; 8.24, m, H 2',6'; 
8.57, s, H 2; 8.98, d, J 7.7, H 5. >. (log£) 216 nm (4.47), 
- max. -
229 (3.92), 256 (3.96), 262 (3.97), 275 (3.72)]; 5-methylbis-
s-triazolo[l ,5-a:1 ',5'-c]pyrimidine (II/14d) (boiling water for 
90 min: 67 %), m.p. 206-207° (from ethanol) (Found: C, 48 .0 ; 
H, 3.3; N, 48.1. c7H6N6 requires C, 48.3; H, 3.5; N, 48.2 %) 
[n.m.r. 2.77, s, 5-Me; 7.47, s, H 6; 8.44, s, H 2; 8.64 , s, 
H 8. >- (log E) 215 nm (4.45), 229 (3.96), 257 (4.01), 264 max. 
(4.01), 275 (3.76)]; 5,8-dimethylbis-s-triazolo[l,5-a:1',5'-cl-
pyrimidine (II/14e) (boiling water for 60 min: 49 %), m.p. 
197-198° (from ethanol) (Found: C, 50.9; H, 4.4; N, 44.5. 
c8H8N6 requires C, 51. 1; H, 4.3; N, 44.7 %) [n.m.r. 2.53, s, 
8-Me; 2.73, s, 5-Me; 7.36, s, H 6; 8.43, s, H 2. >. (log E) 
max. 
216 nm (4.51), 228 (4.08), 256 (3.99), 266 (4.02), 277 (3.82)]; 
and 5-methyl-8-phenylbis-s-triazolo[l ,5-a:1 ',5'-c]pyri midine 
(II/14f) (77 %), m.p. 271-274° (from dimethylformamide) (Found: 
C, 62.4; H, 4.2; N, 33.8. c13 H10 N6 requires C, 62.4; H, 4.0; 
N, 33.6 %) [n.m.r. 2.77, s, 5-Me; 7.49, m, H 3'-5'; 7.56, s, 
H 6; 8.14, m, H 2' ,6'; 8.48, s, H 2. >. (log E) 216 nm 
max. 
(4.49), 229 (3.99), 258 (4.07), 264 (4.07), 276 (3.83)]. 
-
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CHAPTER III 
~-TRIAZOL0[4,3-~]PTERIDINES 
A N D T H E IR D E R I V ED [ 1 , 5 -~] I SOM E RS 
III-1 Introduction 
Pteridine derivatives were found in Nature some ninety 
years ago by Hopkins (1889) who isolated a yellow compound 
from the wings of the brimstone butterfly. Six years later, 
Hopkins (1895) also isolated a white pigment from the wings of 
the common cabbage-white butterfly. These pigments were called 
xanthopterin and leucopterin, respectively, because of their 
colour (Greek saveoo , xantos = yellow; AEUKoo , leucos = white; 
TIT£ p ov , pt er i n = w i n g ) . Bu t the i r con s ti tu ti on rem a i n e d 
uncertain until Purrmann (1940a,b) showed that xanthopterin 
and leucopterin were amino polyhydroxy-derivatives of the (then) 
unknown system, pyrazino[2,3-i]pyrimidine, to which Wieland and 
Purrmann (1940) gave the name pteridine. More pteridines have 
been recognized in Nature, notably folic acid which plays an 
important part in haematopoiesis and cell-division. 
The first synthesis of a pteridine derivative was 
reported by Isay in 1906, namely the condensation of pyrimidine-
4,5-diamine (III/1) with benzil (III/2) to give 6,7-diphenyl-
pteridine (III/3). Many pteridine derivatives have been 
prepared since then by some modification of the Isay method 
involving the condensation of a substituted pyrimidine-4,5-
diamine with ao a-dicarbonyl compound (Elderfield and Mehta, 
1967; Pfleiderer, 1964). The same type of reaction was 
employed to prepare the intermediate pteridines for present 
work (see Chapter III-2, IV-2). 
-
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Thus in seeking to extend work on the chemistry and 
biological activity of l ,2,4-triazolo compounds, especially 
as amplifiers of the antibiotic and antitumor agent phleomycin 
(cf. Chapter I-1), the hitherto-undescribed systems, 
~-triazolo[4,3-£]pteridine (III/4) and ~-triazolo[l ,5-c]-
pteridine (III/5) were prepared. 
III-2 Synthesis of s-Triazolo[4,3-c]pteridines and s-Triazolo-
[l ,5-c]pteridines 
The essential intermediate pteridinethiones (III/7a) 
(Albert, Brown and Cheeseman, 1951; Albert, Brown and Wood, 
1954), (III/7b) (Wellcome Foundation Ltd, 1963) and (III/7c) 
were prepared by reaction of the 5,6-diaminopyrimidine-4-
thiones (III/6) with glyoxal and diacetyl; subsequent 
hydrazinolysis gave the pteridin-4-ylhydrazines (III/8). 
These pteridin-4-ylhydrazines (III/8) with orthoesters, such 
as triethyl orthoformate, orthoacetate or orthopropionate, 
then furnished ~-triazolo[4,3-£]pteridine (III/9a) and some 
of its f-alkylated derivatives (III/9b-h). 
Thus, on brief treatment with triethyl orthoformate, 
pteridin-4-ylhydrazine (III/Ba) (Albert, Brown and Wood, 
1954) underwent acylation and subsequent 
cyclization to ~-triazolo[4,3-£]pteridine (III/9a) in 
excellent yield. When such treatment was prolonged, a 
slower Dimroth-like rearrangement (cf. Brown and Nagamatsu; 
1977, 1978, 1979) ensued to produce the isomeric triazolo-
[ l , 5 -£] p t e r i d i n e ( I I I / l O a ) , a l s o i n ex c e l l e n t y i e l d . 
Similarly, brief heating of the hydrazine (III/Ba) with 
triethyl orthoacetate and triethyl orthopropionate gave the 
3-methyl- (III/9b) and 3-ethyl-~-triazolo[4,3-£]pteridine 
+ 
(III/6) 
R = H, Me 
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(III/9c). However, with these triazolopteridines, rearrange-
ment proved much slower than for the parent heterocycle (III/9a) 
on prolongation of the treatment. For example, in the case of 
3-ethyl compound (III/9c), the yield of the isomeric 2-ethyl-
~-triazolo[l ,5-~]pteridine (III/10c) was only 16 %, even after 
20 h heating under reflux with triethyl orthopropionate. The 
corresponding 2-methyl compound (III/10b) was better obtained 
(57 %) by isomerization of its (isolated) precursor (III/9b) in 
boiling dimethylformamide for 5 h. 
6,7-Dimethylpteridin-4-ylhydrazine (III/8b) was prepared 
by hydrazinolysis of the corresponding pteridinethione (III/7b). 
This hydrazine (III/8b) reacted with triethyl orthoformate to 
yield 8,9-dimethyl-~-triazolo[4,3-~]pteridine (III/9d). 
3,8,9-Trimethyl- (III/9e) and 3-ethyl-8,9-dimethyl-triazolo-
pteridine (III/9f) were prepared similarly by the reaction of 
the hydrazine (III/8b) with orthoacetate and orthopropionate. 
Brief (10 min) heating of (III/9d) with dimethylformamide 
caused rearrangement to the corresponding [l ,5-~] isomer 
(III/10d) which was obtained in moderate yield (68 %). The 
rearrangement of the 3,8,9-trimethyltriazolopteridine (III/9e) 
to its [l ,5-~] isomer (III/lOe) took more than 40 h in boiling 
triethyl orthoacetate; the homologous 3-ethyl-8,9-dimethyl-
triazolopteridine (III/9f) remained unchanged in boiling 
dimethylformamide although it decomposed extensively in boiling 
acetic acid, a technique used successfully for related 
triazolopyrimidines (Brown and Nagamatsu; 1977, 1978, 1979). 
Likewise the reaction of 5,6-diamino-2-methylpyrimidine-
4(3~)-thione (Albert, Brown and Wood, 1954) (III/6; R = Me) 
with glyoxal and diacetyl gave, respectively, the pteridine-
-
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thiones (III/7c) and (III/7d), thence the pteridinylhydrazines 
(III/8c) and (III/8d), and finally the 3,5-dimethyl- (III/9g) 
and 3,5,8,9-tetramethyl-~-triazolo[4,3-£]pteridine (III/9h). 
Neither final product rearranged in dimethylformamide but the 
second (III/9h) did so in boiling glacial acetic acid (cf. 
Brown and Nagamatsu; 1977, 1978, 1979) to give the [l ,5-£] 
isomer (III/10h). 
In an attempt to synthesize the parent triazolo[l ,5-£]-
pteridine (III/10a) by an independent route, pteridin-4-
amine (Albert, Brown and Cheeseman, 1951) (III/11) was 
submitted to the Stanovnik-Tisler sequence (Polanc et al., 
V 1974; Vercek et al., 1978) (cf. Chapter I, Chapter II-2). 
Thus the amine (III/11) was converted by means of dimethyl-
formamide dimethyl acetal into the formamidine (III/12) which 
underwent transamination by hydroxylamine hydrochloride to 
give hydroxyformamidine (III/13). Subsequent ~-acylation 
gave the acetoxy compound (III/14) although final ring 
closure of this compound proved unsuccessful under the usual 
conditions: in pyridine, it lost acetic acid to yield 
pteridin-4-ylcyanamide (III/15) instead of giving the required 
triazolo[l ,5-£]pteridine (III/10a). The compound (III/15) was 
+ 
confirmed in structure by its elemental analysis, M 172, and 
- l ) i.r. spectra (C = N; 2195 cm . 
III-3 Reaction of Simple s-Triazolo[4,3-c]pteridines with 
Acetic Acid 
As mentioned above, attempts to rearrange the simple 
triazolo[4,3-£]pteridines (III/9a-c) in boiling glacial acetic 
acid proved unsuccessful. Thus the ethyltriazolopteridine 
(III/9c) gave only the ~-(triazolopyrazinyl)formamide (III/16a), 
78 . 
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although the more substituted 3,5,8,9-tetramethyltriazolo-
pteridine (III/9h) did give the corresponding [l ,5-~] iso mer 
(III/10h). The structure (III/16a), which would be the 
postulated intermediate formed by 4,5-bond fission during the 
expected Dimroth-like rearrangement, followed from elemental 
analysis and the i .r. and n.m.r. spectra. In particular, the 
single NH ( o 11 .45) precluded the alternative molecule (III/17), 
formed by 5,6-bond fusion, with a primary amino group on the 
pyrazine ring and the formyl group attached to the triazole 
ring. 
The unexpected stability of intermediate (III/16a) is 
not easily explained: its inability (on account of biphenyl-
type steric hindrance) to adopt a flat configuration in order 
to facilitate ring closure cannot be the reason, because the 
tetramethyltriazolo[4,3-~]pteridine (III/9h) does rearrange 
under similar conditions, presumably through an analogous 
intermediate acetamide (III/16b). However, it may be due to 
the stabilization of the formyl intermediate (III/16a) as an 
acetal-like hydrate in solution (Bell and Darwent, 1950), an 
explanation used previously by Brown and Paddon-Row (1967) to 
explain why an aldehydic intermediate failed to undergo ring 
closure, whereas an otherwise similar ketonic intermediate 
did so during classical Dimroth rearrangement of simple 
iminopyrimidines. 
III-4 N.m.r. and U.v. Spectra of s-Triazolo[4,3-c]- and 
s-Triazolo[l ,5-c]-pteridines 
Rearrangement from system (III/9) to system (III/10) 
was accompanied by a characteristic change in n.m.r. spectra. 
Figure III-1 summarizes chemical shifts in the parent 
I 
I 
I 
I 
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heterocycles (III/9a) and (III/10a}. Thus the triazole ring 
proton [H 3 in (III/9a); H 2 in (III/lOa)J signal underwent a 
very marked upfield shift of c. 0.75 p.p.m and the adjacent 
pyrimidine ring proton (H 5) underwent a downfield shift of 
0.35 p.p.m. The same phenomenon were reported by Brown and 
Nagamatsu (1978) in related triazolo[4,3-~]- and triazolo-
[l ,5-~]-pyrimidines. The pyrazine ring protons (H 8, H 9) 
showed only minor (~. 0. l p.p.m.) downfield shifts. In other 
f-methylated derivatives (III/9b-f) and (III/lOb-f), 
corresponding alkyl groups showed parallel behaviour: for 
example, protons of a methyl group attached to the triazole 
ring underwent upfield shifts of 0.3-0.4 p.p.m. In the 
rearrangements (III/9g) + (III/10g} and (III/9h) + (III/10h}, 
the 5-Me signal showed an upfield shift of~- 0.1 p.p.m., 
probably due to the close proximity of 3/2-Me, which was 
present in the only two examples available. 
In contrast, the small but characteristic differences 
in the u.v. spectra of rearranged and unrearranged isomers, 
evident in the ~-triazolo- and bis-~-triazolo-pyrimidines 
(Brown and Nagamatsu; 1977, 1978, 1979), were not repeated in 
the ~-triazolopteridines. Thus instead of the spectra of 
rearranged compounds showing general hypsochromic shifts when 
compared with those of corresponding unrearranged compounds, 
the spectra of s-triazolo[4,3-c]pteridines and their 
- -
corresponding rearranged isomers were almost indistinguishable: 
compare, for example, the methyl isomers (III/9b) [Amax. 
(log£) 241 nm (3.99), 263 (3.70), 305 (3.70), 320 (3.82), 346 
(3.73}] and (III/10b) [Amax. (log£) 240 nm (4.00}, 262 (3.70), 
305 (3.71 ), 320 (3.82), 347 (3.77)]. Only in the rearranged 
-
-
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compounds (III/l0g) and (III/l0h), where the contiguous 3-
and 5-methyl groups introduced distortion in the otherwise 
flat precursors (III/9g) and (III/9h), did the spectra show 
any appreciable change on rearrangement. Details of n.m.r. 
and ultraviolet spectra are described in the Experimental 
section (III-5). 
III-5 Experimental 
Analyses were done by the A.N.U. Analytical Services 
Unit. Melting points were uncorrected. N.m.r. spectra 
(Chemical shifts in o; ~ values in Hz) were measured at 
60 MHz and 35° in (CD 3 ) 2so against Me 4Si, except where other-
wise indicated; most u.v. spectra were measured in ethanol. 
s-Triazolo[4,3-c]pteridine (III/9a) and the [l ,5-c] Isomer 
(III/l0a) 
Pteridin-4-ylhydrazine (Albert, Brown and Wood, 1954) 
(III/8a) (0.5 g), triethyl orthoformate (10 ml), and dioxane 
(30 ml) were heated under reflux for l h. Chilling gave a 
first crop and evaporation of the filtrate, followed by 
trituration of the residue with a little ethanol, gave a 
second crop: the triazolo[4,3-c]pteridine (96 %) had m.p . 
235-249° (from dimethylformamide) (Found: C, 48.7; H, 2.6; 
N, 48.4. c7H4N6 requires C, 48.8; H, 2.3; N, 48.8 %). N.m.r. 
9.06, d, J l, H 9; 9.08, d, J l, H 8; 9.56, s, H 3+5. Heating 
in ethanol caused decomposition. 
A similar mixture heated for 7 h gave the isomeric 
triazolo[l,5-c]pteridine (95 %), m.p. 242-245° (from ethanol) 
(Found: C, 48.8; H, 2.7; N, 48.5 %). N.m.r. 8.81, s, H 2; 
9.10, d, J 2, H 9; 9.16, d, ~ 2, H 8; 9.91, s, H 5. Amax. 
-
I 
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(log E:) 238 nm (3.86), 246 (3.83), 252 (3. 78), 306 (3.60), 320 
(3.73), 347 (3.85). 
3-Methyl-s-triazolo[4,3-c]pteridine (III/9b) and the [l ,5-c} 
Isomer (III/10b) 
Similar treatment of pteridin-4-ylhydrazine with triethyl 
orthoacetate in dioxane for 10 min gave the methyltriazolo-
[4,3-c]pteridine (93 %), m.p. 223-225° (from ethanol-
dimethylformamide) (Found: C, 51.3; H, 3.5; N, 45.1. c8H6N6 
requires C, 51.6; H, 3.3; N, 45.1 %). N.m .r. 2.85, s, Me; 9.02, 
d, i 2, H 9; 9.05, d, i 2, H 8; 9.43, s, H 5. "max. (log E:) 
241 nm (3.99), 263 (3.70), 305 (3.70), 320 (3.82), 346 (3.73). 
The above product (III/9b) (1 g) and dimethylformamide 
(50 ml) were heated under reflux for 5 h. Trituration of the 
residue from subsequent evaporation gave 2-methyl-s-triazolo-
[l ,5-c]pteridine (57 %), m.p. ~- 203° (with sublimation) (from 
ethanol) (Found: C, 51.7; H, 3.3; N, 44.9 %). N.m.r. 2.60, s, 
Me; 9.06, d, i 2, H 9; 9.09, d, i 2, H 8; 9.74, s, H 5. >. max . 
(log E:) 240 nm (4.00), 262 (3.70), 305 (3.71), 320 (3.82), 347 
(3.77). 
3-Ethyl-s-triazolo[4,3-c]pteridine (III/9c) and the [1,5-c} 
Isomer (III/10c) 
Heating pteridin-4-ylhydrazine and triethyl ortho-
propionate in dioxane for 30 min, as for the lower homologue 
(III/9c), gave the ethyltriazolo[4,3-c]pteridine (93 %), m.p. 
190-192° (from ethanol-dimethylformamide) (Found: C, 54. l; 
H, 4.1; N, 41.8. c9H8N6 requires C, 54.0; H, 4.0; N, 42 .0%). 
N.m.r. 1 .46, t, i 7.4, Me of Et; 3.27, q, ~ 7.4, CH 2 ; 9.03, d, 
J 2, H 9; 9. 08, d, J 2, H 8; 9. 46, s, H 5. 
-
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When heating was continued for 20 h, the crude product 
contained both isomers: fractional crystallization from 
ethanol gave 2-ethyl-s-triazolo[l ,5-c]pteridine (16 %}, m.p. 
181-183° (from ethanol) (Found: C, 54.0; H, 4.0; N, 42.3 %}. 
N.m.r. l .40, t, i 7.4, Me of Et; 2.96, q, J 7.4, CH 2 ; 9.09, d, 
J 2, H 9; 9.13, d, i 2, H 8; 9.75, s, H 5. 
In an attempt at more effective rearrangement, the 
product (III/9c) (0.5 g) was boiled under reflux in glacial 
acetic acid (50 ml) for 40 min. Evaporation and addition of 
water gave N-[3-(5'-ethyl-l ',2' ,4'-triazol-3'-yl)pyrazin-2-
yl]formamide (III/16a) (73 %), m.p. ~- 176° (from ethanol) 
(Found: C, 50. l; H, 4.8; N, 38.l. c9H10 N60 requires C, 49.5; 
H, 4.6; N, 38.5 %). N.m.r. 1.23, t, i 7, Me of Et; 2.81, q, 
i 7, CH 2 ; 8.36, d, i 2, H 5; 8.44, d, J 2, H 6; 9.45, br, CHO; 
11.45, br, NHCHO. vmax. 1700 (CO). 
8,9-Dimethyl-s-triazolo[4,3-c]pteridine (III/9d) and the [l ,5-c} 
Isomer (III/lOd) 
5,6-Diaminopyrimidine-4(3~)-thione (Albert, Brown and 
Wood, 1954) (III/6; R = H) (2 g), diacetyl (2 g}, and methanol 
(70 ml) were boiled under reflux for 30 min. Refrigeration 
gave 6,7-dimethylpteridine-4(3H)-thione (III/7b) (95 %) (Wellcome 
Foundation, 1963), m.p. >300° (Neiman, Bergmann and Weiler-
Feilchenfeld, 1969: >300°). N.m.r. 2.81, s, 6-Me; 2.85, s, 
7-Me; 8.98, s, H 2. This thione (l g}, hydrazine hydrate 
(2 ml), and ethanol (50 ml) were boiled under reflux for 20 min. 
The residue from evaporation was diluted with water to give 
0 6,7-dimethylpteridin-4-ylhydrazine (III/Sb) (67 %}, m.p. >199 
(dee.) (Found: c, 50.4; H, 5.3; N, 44.3. c8H10 N6 requires 
C, 50.5; H, 5.3; N, 44.2 %). This compound (0.5 g} and triethyl 
--
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orthoformate (20 ml) were heated under reflux for 10 min. 
Concentration and addition of a little ethanol gave the 
dimethyltriazolo[4,3-c]pteridine (82 %), m.p. 198° (dee.) (from 
acetonitrile) (Found: C, 54.0; H, 4.2; N, 41.7. c9H8N6 
requires C, 54.0; H, 4.0; N, 42.0 %). N.m.r. (90 MHz; 30°) 
2.72, s, 9-Me; 2.76, s, 8-Me; 9.47, s, H 3; 9.49, s, H 5. A max . 
(log£) 216 nm (4.40), 237 (3.92), 267 (3.48), 306 (3.88), 319 
(3.96). 
The foregoing material (III/9d) (0.3 g) and dimethyl-
formamide (20 ml) were boiled under reflux for 10 min . 
Subsequent evaporation and recrystallization from ethanol gave 
8,9-dimethyl-s-triazolo[l ,5-c]pteridine (68 %), m.p. 203-204° 
(Found: C, 53.9; H. 4.3; N, 41.9 %). N.m.r. 2.73, s, 9-Me; 
2.75, s, 8-Me; 8.73, s, H 2; 9.80, s, H 5. Amax. (log E) 
216 nm (4.47), 237 (3.99), 252 (3.67), 266 (3.46), 306 (3.95), 
318 (4.03). When rearrangement was done in refluxing ethanol 
for 3 h, the yield was 93 %. 
3,8,9-Trimethyl-s-triazolo[4,3-c]pteridine (III/9e) and the 
[1,5-c] Isomer (III/l0e) 
The above dimethylpteridinylhydrazine (III/8b) (0.5 g) 
and triethyl orthoacetate (40 ml) were heated under reflux for 
5 min. Refrigeration gave the trimethyltriazolo[4,3-c]pteridine 
(73 %), m.p. 188-191° (from ethanol) (Found: C, 55.9; H, 4.7; 
N, 39.4. c10 H10 N6 requires c, 56.1; H, 4.7; N, 39.2 %). N.m.r. 
2.69, s, 9-Me; 2.71, s, 8-Me; 2.81, s, 3-Me; 9.30, s, H 5. 
Amax. ( 1 o g £) in ethanol 218 nm (4.34), 240 (3.96), 271 (3.29), 
308 (3.82), 320 (3.90); in acetonitrile 230 (3.90), 240 (3.94), 
271 (3.40), 309 (3.82), 319 (3.89). 
When the original reaction mixture was heated for 43 h , 
-
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the resulting product (63 %) was 2,8,9-trimethyl-s-triazolo-
[l ,5-c]pteridine (III/l0e), m.p. 191-205° (from ethanol) 
(Found: C, 56.1; H, 4.9; N, 38.9 %). N.m.r. 2.58, s, 2-Me; 
2.73, s, 8,9-Me 2 ; 9.67, s, H 5. \ (log E) in ethanol max. 
218 nm (4.42), 239 (4.05), 272 (3.42), 307 (3.89), 319 (3.98); 
in acetonitrile 230 (4.02), 240 (4.07), 272 (3.53), 308 (3.92), 
319 (4.00). The same material (63 %) was obtained by heating 
the isomer (III/9e) in dimethylformamide (50 parts) under 
reflux for 5 h. 
3-Ethyl-8,9-dimethyl-s-triazolo[4,3-c]pteridine (III/9f) 
Prepared as its lower homologue (III/9e) but using 
triethyl orthopropionate, the ethyldimethyltriazolopteridine 
(69 %) had m.p. 178-180° (from ethanol) (Found: C, 57.8; 
H, 5.4; N, 36.8. c11 H12 N6 requires C, 57.9; H, 5.3; N, 36.8 %). 
N.m.r. 1 .46, t, J 7.2, Me of Et; 2.69, s, 9-Me; 2.71, s, 8-Me; 
3.29, q, ~ 7.2, CH 2 ; 9.35, s, H 5. The compound underwent no 
detectable rearrangement on boiling in dimethylformamide for 
4 h; it decomposed in boiling acetic acid. 
3,5-Dimethyl-s-triazolo[4,3-c]pteridine (III/9g) and the 
[1,5-c] Isomer (III/10g) 
5,6-Diamino-2-methylpyrimidine-4(3~)-thione (Albert, 
Brown and Wood, 1954) (3.0 g), 'glyoxal hydrate' (B.D.H.) (3 g), 
and butanol (100 ml) were heated under reflux for 20 min. 
Evaporation gave 2-methylpteridine-4(3H)-thione (III/7c) (85 %), 
m.p. >200° (dee.) (from water) (Found: C, 46.9; H, 3.3; 
N, 31.l; S, 17.9. c7H6N4S requires C, 47.2; H, 3.4; N, 31.4; 
S, 18.0%). N.m.r. 2.51, s, Me; 8.81, d, ~ 2, H 6; 8.98, d, 
~ 2, H 7. The thione (2.0 g), hydrazine hydrate (4 ml), and 
-- --
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ethanol (200 ml) were boiled under reflux for 40 mi n. 
Evaporation and addition of some water gave 2-methylpteridin-
4-ylhydrazine (III/8c) (70 %), m.p. 222-224° (from ethanol) 
(Found: C, 47.8; H, 4.8; N, 47.2. c7H8N6 requires C, 47.7; 
H, 4.6; N, 47.7 %). This compound (1.0 g) and triethyl ortho-
acetate (30 ml) were boiled under reflux for 12 min and then 
chilled to give the dimethyltriazolo[4,3-c]pteridine (87 %), 
m.p. 197-207° (from ethanol) (Found: C, 54.2; H, 4.1; N, 42.3. 
c9H8 N6 requires C, 54.0; H, 4.0; N, 42.0 %). N.m.r. 2.98, s, 
3-Me; 3.06, s, 5-Me; 8.93, d, ~ 2, H 9; 8.97, d, ~ 2, H 8. 
:\ (log E) 241 nm (3.81), 268 (3.35), 306 (3.87), 321 (4.00). max. 
The above product (0.4 g) was boiled under reflux in 
triethyl orthoacetate (25 ml) for 30 h. The residue from 
evaporation crystallized from ethanol to give 2,5-dimethyl-s~ 
triazolo[l,5-c]pteridine (64 %), m.p. 198-201° (from ethanol) 
(Found: C, 54.l; H, 4.1; N, 41.5 %). N.m.r. 2.65, s, 2-Me; 
2.99, s, 5-Me; 9.05, d, ~ 2, H 9; 9. 12, d, ~ 2, H 8. :\m ax. 
(log E) 212 nm (4.32), 238 (4.18), 269 (3.45), 307 (3.95), 
319 (4.02). Rearrangement in dimethylformamide or glacial 
acetic acid was unsuccessful. 
3,5,8,9-Tetramethyl-s-triazolo[4,3-c]pteridine (III/9h) and the 
[l ,5-c] Isomer (III/10h) 
As in the foregoing sequence, 5,6-diamino-2-methyl-
pyrimidine-4(3~)-thione (Albert, Brown and Wood, 1954) (III/6; 
R = Me) was converted (diacetyl/butanol/1 h) into 2,6,7-trimethyl-
pteridine-4(3H)-thione (III/7d) (78 %), m.p. >2 39° (dee.) (from 
1, e t h a n o l ) ( F o u n d : C , 5 2 . 5 ; H , 5 . 0 ; N , 2 7 . 0 ; S , l 5 . 8 . C 9 H 1 0 N 4 S 
requires c, 52.4; H, 4.9; N, 27 .2; S, 15.5%); thence (using a 
chloroform extraction to isolate the product) into 2,6,7-
-
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trimethylpteridin-4-ylhydrazine (III/8d) (53 %), m.p. 190-191° 
(Found: C, 53.3; H, 6. l; N, 40.8. c9H12 N6 requires C, 52.9; 
H, 5.9; N, 41. 1%); and finally into the tetramethyltriazolo-
[4,3-c]pteridine (86 %), m.p. 223-225° (from ethanol) (Found: 
C, 57.8; H, 5.5; N, 37.0. c11 H12 N6 requires C, 57.9; H, 5.3; 
N, 36.8 %). N.m.r. 2.66, s, 9-Me; 2.69, s, 8-Me; 2.96, s, 3-Me; 
3.01, s, 5-Me. Amax. (log E) 215 nm (4.40), 282 (3.65), 297 
(3.77), 329 (4.08), 347 (3.93). 
This compound (III/9h) (l.0 g) and glacial acetic acid 
(30 ml) were heated under reflux for 10 min and then evaporated. 
The residue crystallized from ethanol to give 2,5,8,9-
tetramethyl-s-triazolo[l ,5-c]pteridine (71 %), m.p . 186-187° 
(Found: C, 57.9; H, 5.4; N, 36.7 %). N.m.r. 2.55, s, 2-Me; 
2.67, s, 8,9-Me 2 ; 2.88, s, 5-Me. A (log E) 218 nm (4.48), . max. 
238 (4. 13), 269 (3.50), 307 (3.95), 320 (4.06). 
Pteridin-4-ylcyanamide (III/15) 
Pteridin-4-ylamine (Albert, Brown and Cheeseman, 1951) 
(III/ll) (2.5 g) and dimethylformamide dimethyl acetal (15 ml) 
were heated on the steam bath for 10 min and then cooled. The 
resulting N,N-dimethyl-N'-(pteridin-4-yl)formamidine (III/12) 
(73 %) had m.p. 176-179° (from diethyl ether) (Found: C, 53.2; 
H, 5.0; N, 41 .2. c9H10 N6 requires C, 53.5; H, 5.0; N, 41.6 %). 
N.m.r. 3.25, s, NMe; 3.31, s, NMe; 8.81, s, H 2; 8.85, s, 
Me 2NC~; 8.94, d, ~ 2, H 6; 9.08, d, ~ 2, H 7. This material 
(l.5 g) and hydroxylamine hydrochloride (0.75 g) were stirred 
in methanol (30 ml) for 15 min at~- 25°. The solid was 
filtered off, washed with water, and recrystallized from 
ethanol to give N-hydroxy-N'-(pteridin-4-yl)formamidine (III/13) 
(78 %), m.p. >189° (dee.) (Found: C, 44.2; H, 3. l; N, 44.3. 
---
- -
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c7H6N60 requires C, 44.2; H, 3.2; N, 44.2 %). N.m.r. (90 MHz; 
30°) 8.15, d, J 9.9, N:CH·NH; 8.95, s, H 2; 9.03, d, ~ l .9, 
H 6; 9.27, d, ~ l .9, H 7. The hydroxy compound (III/13) (l g) 
was stirred in acetic anhydride (10 ml) for 24 hat 20-25°. 
Filtration and subsequent concentration gave N-aceto xy -N~ 
(pteridin-4-yl)formamidine (III/14) (52 %), m.p. 151-152° (from 
ethanol) (Found: C, 46.7; H, 3.6; N, 36.2. c9H8N6o2 requires 
C, 46.6; H, 3.5; N, 36.2 %). N.m.r. (90 MHz; 30°) 2.25, s, Ac; 
8.58, d, J 10.4, N:CH·NH; 9.01, s, H 2; 9.05, d, ~ l .6, H 6; 
9.27, d, J l .6, H 7. The acetoxy compound (0.4 g) was stirred 
in pyridine (10 ml) at 25° for 24 h. Filtration gave the 
pteridinylcyanamide (67 %), m.p. >210° (dee.) (from ethanol), 
M+· 172 (Found: C, 48.8; H, 2.4; N, 48.6. c7H4N6 requires 
C, 48.8; H, 2.3; N, 48.8 %). N.m.r. (90 MHz; 30°) 7.03, br, 
NH; 8.26, s, H 2; 8.54, d, J 2.4, H 6; 8.74, d, ~ 2.4, H 7. 
-
-
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CHAPTER IV 
~-TRIAZOL0[3,4-h]PTERIDINES 
AND SOME [5,1-h] AND [4,3-~] ISOMERS 
IV-1 Introduction 
In 1968, Weinstock et al. found that the reaction of 
2,4-diamino-7-chloro-6-phenylpteridine (IV/1) with 95 % hydrazine 
in dimethylformamide gave 2,4-diamino-6-phenyl-~-triazolo[3,4-h]-
pteridine (IV/4) instead of the expected pteridinylhydrazine 
(IV/2). They suggested the following mechanism for this 
reaction: the expected hydrazine (IV/2) was formed initially 
and it was then formylated by dimethylformamide· to give the 
corresponding hydrazide (IV/3), which underwent elimination of 
water to give (IV/4). In fact, they named their product (IV/4) 
incorrectly as "6,8-diamino-4-phenyl-~-triazolo[3,4-h]pteridine". 
This was the only known example in the ~-triazolo[3,4-h]-
pteridine system (IV/5) prior to the present work. No 
representatives of two isomeric systems, ~-triazolo[5,l-h]-
pteridine (IV/6) and ~-triazolo[4,3-~]pteridine (IV/7) have 
been made until now. Thus the experiments were directed 
toward the preparation and study of the three parent triazolo-
pteridines and some simple derivatives; some of the structures 
were confirmed by 1H and/or 13 c n.m.r. spectra. 
IV-2 Synthesis of s-Triazolo[3,4-h]pteridines and [5,1-h] and 
[4,3-a] Isomers 
The intermediate pteridin-7(8~)-one (Albert, Brown and 
Cheeseman, 1952; Albert, Lister and Pedersen, 1956) (IV/9) was 
prepared by the reaction of 4,5-diaminopyrimidine (IV/8) and 
-
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ethyl glyoxylate hemiacetal. The pteridinone (IV/9) was then 
allowed to react with phosphorus pentasulfide in pyridine 
under the strictly controlled conditions to give the corres-
ponding pteridine-7(8tt)-thione (Albert, Brown and Wood, 1954) 
(IV/10) in moderate yield. Hydrazinolysis of the thione 
(IV/10) in a boiling mixture of hydrazine hydrate and ethanol 
conveniently gave pteridin-7-ylhydrazine (IV/11). On brief 
treatment with triethyl orthoformate, pteridin-7-ylhydrazine 
(IV/ll) underwent acylation and subsequent cyclization to the 
parent ~-triazolo[3,4-h]pteridine (IV/12a) in good yield. 
Similar treatment of the hydrazine (IV/ll) with triethyl ortho-
acetate gave the 9-methyl homologue (IV/12b). The hydrazine 
(IV/11) also reacted with carbon disulfide in pyridine to give 
~-triazolo[3,4-h]pteridine-9(8tt)-thione (IV/13) which, on 
treatment with methyl iodide and 2-chloro-~.~-dimethylethyl-
amine hydrochloride in the presence of base, gave 9-methylthio-
~-triazolo[3,4-h]pteridine (IV/14) and ~.~-dimethyl-2-(~-
triazolo[3,4-h]pteridin-9'-ylthio)ethylamine (IV/15), 
respectively. 
Although ~-triazolo[4,3-~]pteridine had undergone a 
Dimroth-like rearrangement quite easily to give its [l,5-~] 
isomer (see Chapter III-2), the triazolopteridine (IV/12a) 
proved stable to prolonged acid treatment at 25° and even to 
boiling in dimethylformamide. It was therefore necessary to 
synthesize the potential rearrangement product (IV/19) 
independently. This would confirm, incidentally, that the 
product formulated as (IV/12a) had not already rearranged to 
its isomer (IV/19) during preparation. Using the general 
method of Ver~ek et al. (1978), pteridin-7-ylamine (Clark, 
-
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1964) (IV/16) was converted by means of dimethylformamide 
dimethyl acetal into the dimethylformamidine (IV/17) which 
underwent ready transamination by hydroxylamine hydrochloride 
to yield the hydroxyformamidine (IV/18). Subsequent dehydra-
tion with polyphosphoric acid gave the required ~-triazolo-
[5,1-~]pteridine (IV/19), quite distinct from its isomer 
(IV/12a) in properties. 
Unlike other pteridinylhydrazines, e.g. (IV/11), pteridin-
2-ylhydrazine (IV/20), which was best made by hydrazinolysis 
of 2-chloropteridine (Albert, Brown and Cheeseman, 1951), could 
react with orthoesters to yield initially ~-triazolo[4,3-~]-
pteridines, e.g. (IV/21), and/or their [3,4-~] isomers, e.g. 
(IV/23); subsequent rearrangement could also give the [1,5-~], 
e.g. (IV/22), and/or [5,1-~] isomers, e.g. (IV/24). When 
actually carried out, the reaction of substrate (IV/20) with 
triethyl orthoformate gave a single product shown by 1H and 
13 c n.m.r. data (see next section) to be the parent heterocycle 
~-triazolo[4,3-~]pteridine (IV/21a), rather than its [3,4-~] 
(IV/23), [l ,5-~] (IV/22) or [5,1-~] isomer (IV/24). 9-Methyl-
(IV/2lb) and 9-ethyl-~-triazolo[4,3-~]pteridine (IV/21c) were 
prepared similarly. Attempts to rearrange these compounds under 
acidic or alkaline conditions led to highly coloured materials 
which could not be purified for characterization. They may be 
similar to the highly insoluble coloured products derived from 
pteridin-2-ones and other 2-substituted pteridines (Albert, 
Brown and Cheeseman, 1951; Albert and Reich, 1960). 
IV-3 1H and 13 c N.m.r. Spectra of s-Triazolo[3,4-h]pteridines 
and [5,1-h] and [4,3-a] Isomers 
The 1H n.m.r. spectra of ~-triazol o[3,4-~]pteridine 
-Figure IV-1 
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Figure IV-2 
Chemical Shift Values for the Parent Systems 
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(IV/12) and ~-triazolo[5,l-~]pteridine (IV/19) were measured 
in (CD 3 ) 2so. Figure IV-1 summariz~s chemicJl shifts for the 
parent heterocycles (IV/l2a) and (IV/19) for comparison. De-
shielding in the tricyclic system (IV/l2a) was in the order 
H 9 > H 4 > H 2 > H 6. This was parallel to the tricyclic 
system (IV/19) for corresponding protons. However, the 
triazolo-ring proton H 2 in (IV/19) showed a remarkable upfield 
shift in comparison with H 9 in (IV/l2a}; this relationship is 
reminiscent of that observed between triazolo[4,3-£]- and 
triazolo[l ,5-£]-pteridine and between such pairs of triazolo-
pyrimidines (see Chapter 111-4). Another marked upfield shift 
was observed for H 4 in (IV/19), compared with H 6 in (IV/12a). 
Both 1H and 13 c n.m.r. spectra were employed to confirm 
l the structure of the parent heterocycle (IV/21a). The H n.m.r. 
spectrum for (IV/21a} showed that Dimroth-like rearrangement 
had not taken place during preparation: the chemical shift 
for the triazolo-ring proton H 9 in (IV/2la) (o 9.85) was 
consistent with a 3,4- rather than a l ,5-fused triazolo ring, 
for which the corresponding signal would have appeared 
appreciably upfield. Thus Figure IV-2 compares the chemical 
shifts for such protons in (IV/21a) with those in the following 
related pairs: ~-triazolo[4,3-£]pteridine (III/9a) and its 
[l ,5-£] isomer (III/10a}; ~-triazolo[4,3-£]pyrimidine (IV/25) 
a n d i t s [ l , 5 -£] i s om e r ( I V / 2 6 ) ( B row n a n d N a g am a t s u , l 9 7 8 ) ; 
and ~-triazolo[4,3-~]pyrimidine (IV/27) and its [l ,5-~] isomer 
(IV/28) (Brown and Nagamatsu, 1977). Hence there remained 
only the choice between structure (IV/21a) and (IV/23). The 
13 c n.m.r. spectrum of the compound in question proved totally 
consistent with structu e (IV/21a) but not with (IV/23). 
Fig IV- 3 13c N.m . r. spectrum of compound (IV/21) 
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1 3 Figure IV-3 shows the C n.m.r. spectrum of compound (IV/21a). 
Of the proton-bearing carbon atoms, C 5 appeared as a sharp 
doublet (~ C5,H5 £· 180 Hz), C 9 as a sharp doublet(~ C9,H9 
£· 170 Hz), C 2 as a doublet of doublets (~ C2,H2 £· 170 Hz; 
~ C2,H3 £· 11 Hz), and C 3 as a similar but distinct set of 
signals; of the bridge-head carbon atoms, C 6a was represented 
by a sharp doublet (~ C6a,H5 C. 3 Hz) , C 4a by a clear quartet 
of doublets . (from coupling with H 5' H 3 and H 2) ' and C l Oa 
by a broad 'beehive' (from multiple coupling with H 2' H 3' 
H 5 and H 9) partly obscured by sharp signals associated with 
C 3 and C 5. Although most of the above signals could be 
equally well assigned in structure (IV/23), two could not. 
Thus, C 9a in (IV/23) would be expected to generate a resolved 
quartet of doublets because its~ values to H 5, H 7 and H 8 
would differ considerably: the broad 'beehive' signal observed 
was therefore better assigned as above to the equivalent atom, 
C 10a, in (IV/21a). Secondly, the signals for C 3 and C 5 in 
(IV/23) would each appear as a doublet of doublets because of 
secondary splitting by H 5 and H 3, respectively: in fact, 
each of these signals was a sharp doublet with no sign of 
secondary splitting. Accordingly, they were assigned (as 
above) to the equivalent atoms, C 9 and C 5, of {IV/21a) for 
which no secondary splitting was required. 
IV-4 Experimental 
Analyses were done by the A.N.U. Analytical Services 
Unit. Melting points were uncorrected. 1H and 13 c n.m.r. 
spectra (chemical shifts in o; ~ values in Hz) were measured 
at 90 and 22.5 MHz, respectively, in (CD 3 ) 2so at 30° against 
Me 4Si, except where otherwise indicated. 
-
..... 
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Pteridin-7-ylhydrazine (IV/11) 
Pteridine-7(8~)-thione (Albert, Brown and Wood, 1954) 
(IV/10) (1.0 g), hydrazine hydrate (1.0 ml) and ethanol 
(40 ml) were heated under reflux for 20 min. After refriger-
ation, filtration gave the pteridinylhydrazine (42 %), m.p. 
~- 280° (from water) (Found: C, 43.9; H, 4.0; N, 51.5. 
C6H6N6 requires C, 44.4; H, 3.7; N, 51.8 %). 
s-Triazolo[3,4-h]pteridine (IV/12a) and the 9-Methyl Derivative 
(IV/12b) 
The above pteridinylhydrazine (0.3 g), triethyl ortho-
formate (10 ml) and dioxane (40 ml) were boiled under reflux 
for 20 min. Treatment of the residue from evaporation with a 
little ethanol gave the pa r ent triazolopteridine (85 %), m. p. 
219-220° (from ethanol) (Found: C, · 48.9; H ' 2. 6; N ' 49.0. 
C7H4N5 requires C ' 48.8; H , 2. 3; N , 48.8 %). N. m. r. (60 MHz; 
35°) 9.36, s , H 6; 9.56, s , H 2 ; 9.60, s , H 4; l 0. 09, s' H 9. 
The compound was stable to heating in dimethylformamide under 
reflux for 5 hand to M hydrochloric acid at 25° for 24 h; 
heating under reflux with~ hydrochloric acid for l h caused 
profound decomposition. 
Similar treatment of the pteridinylhydrazine with 
triethyl orthoacetate gave the methyltriazolopteridine (79 %), 
m.p. 185-187° (Found: C, 51.6; H, 3.3; N, 44.8. C8H6N6 
requires C, 51.6; H, 3.2; N, 45. 1%). N.m.r. (60 MHz; 35°) 
3. 11, s, Me; 9.24, s, H 6; 9.35, s, H 2; 9.47, s, H 4. 
s-Triazolo[3,4-h]pteridine-9(8H)-thione (IV/13) 
Pteridin-7-ylhydrazine (0.5 g), carbon disulfide (3.0 ml) 
and anhydrous pyridine (50 ml) were heated under reflux for 
.... 
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2 h. After cooling, the solid was filtered off and washed 
with water. The triazolopteridinethione (59 %) had m.p. ~-
319 ° (dee.) (from ct· th lf ·ct) (L ct 1me y ormam, e ,oun : C, 41.l; H, 2.0; 
N, 41.0; S, 15.5. C7H4N6S requires C, 41 .2; H, 2.0; N, 41.l; 
S, 15.7 %). N.m.r. 9.16, s, H 6; 9.26, s, H 2; 9.35, s, H 4. 
9-Methylthio-s-triazolo[3,4-h]pteridine (IV/14) 
The above thione (0.2 g) in l ~ sodium hydrogen carbonate 
(20 ml) was stirred vigorously with methyl iodide (0.2 g) for 
30 min. Recrystallization of the solid from dimethylforma~ide 
gave the methylthiotriazolopteridine (61 %), m.p. 254-256° 
(Found: C, 44.2; H, 3.3; N, 38.3; S, 14.6. c8H6N6s requires 
C, 44.0; H, 2.8; N, 38 . 5; S, 14.7 %). N.m.r. 2.86, s, Me; 9.33, 
s, H 6; 9.42, s, H 2; 9.51 , s, H 4. 
N,N-Dimethyl-2-(s-triazolo[3,4-h]pteridin-9'-ylthio)ethylamine 
(IV/15) 
The thione (IV/13) (0.25 g), l ~ sodium hydrogen carbonate 
(25 ml) and 2-chloro-~.~-dimethylethylamine hydrochloride 
(0.25 g) were stirred at 25° for 2 h. Extraction with chloro-
form and evaporation of the extract gave the product (IV/15), 
m.p. 176-177° (from ethanol) (Found: C, 48.4; H, 4.8; N, 36.0. 
c11 H13 N7s requires C, 48.0; H, 4.8; N, 35.6 %). N.m.r. 2.25, s, 
NMe 2 ; 2.76, t, ~ 6.6, H l; 3.60, t, J 6.6, H 2; 9.34, s, H 6'; 
9.41, s, H 2'; 9.50, s, H 4'. 
s-Triazolo[5,l-h]pteridine (IV/19) 
Pteridin-7-ylamine (Clark, 1964) (IV/16) (0.3 g) and 
dimethylformamide dimethyl acetal (5.0 ml) were heated at 100° 
for 20 min. After chilling, the solid was filtered off and 
washed with ether. Recrystallization from ethanol gave 
--
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N,N-dimethyl-N'-(pteridin-7-yl)formamidine (IV/17) (91 %), m.p. 
192-194° (Found: C, 53.8; H, 4.9; N, 41 .6. c9H10 N6 requires 
C, 53.5; H, 5.0; N, 41.6 %). This material (0.30 g), hydroxyl-
amine hydrochloride (0. 16 g) and methanol (10 ml) were stirred 
at 25° for 15 min. The solid was filtered off, washed with a 
little water and recrystallized from ethanol to give N-hydroxy-
N'-(pteridin-7-yl)formamidine (IV/18) (80 %), m.p. 224° (dee.) 
(Found: C, 44.4; H, 3.2; N, 44.1. c7H6N6o requires C, 44.2; 
H, 3.2; N, 44.2 %). N.m.r. 7.99, t (son adding D20), N=C~-NH; 
8.96, s, H 6; 9.24, s, H 2; 9.37, s, H 4. The foregoing 
compound (0.3 g) and polyphosphoric acid (9.0 g) were stirred 
at 75-80° for 2 h. The cooled mixture was treated with water 
and then neutralized with sodium hydrogen carbonate. Extraction 
with chloroform and evaporation of the extract gave the 
triazolo[5,l-h]pteridine (45 %), m.p. 186-188° (from ethanol) 
(Found: C, 49.0; H, 2. 1; N, 48.9. c7H4N6 requires C, 48.8; 
H, 2.3; N, 48.8%). N.m.r . 8.96, s, H 4; 9.44, s, H 8; 9.60, s, 
H 6; 9.73, s, H 2. 
Pteridin-2-ylhydrazine (IV/20) 
(A) 2-Chloropteridine (Albert, Brown and Cheeseman, 1951) 
(2.0 g) was added over 10 min to a stirred solution of hydrazine 
hydrate (10 ml) in methanol (20 ml) at c. 20°. Stirring was 
continued under reflux (~. 60°) for 10 min. The residue from 
evaporation was triturated with a little water to give the 
pteridinylhydrazine (72 %), characterized as its picrate, m.p. 
159° (dee.) (Found: C, 36.4; H, 2.3; N, 32. 1. c,2H9N907 
requires C, 36.8; H, 2.3; N, 32.2 %). 
(B) 2-Methylthiopteridine (Albert, Brown and Wood, 1954) 
(1. 5 g), hydrazine hydrate (1. 3 ml) and ethanol (30 ml) were 
1 06. 
heated under reflux for 3 h. Chilling gave the sa me material 
(~. 65 %) as in (A). 
s-Triazolo[4,3-alP.teridine (IV/21a) 
Pteridin-2-ylhydrazine (0.5 g) and triethyl orthoformate 
(50 ml) were stirred under reflux in a bath at 140-150° for 
42 h. Refrigeration gave a crystalline precipitate of the 
triazolopteridine (31 %), m.p. 241° (dee.) (from ethanol) 
(Found: C, 48.9; H, 2.7; N, 48.3. c7H4N6 requires C, 48.8; 
H, 2.3; N, 48.8 %) . N.m.r. (60 MHz; 3~ 0 ) 9.09, s, H 2,3; 9.35, 
s, H 5; 9.85, s, H 9. 
9-Methyl- (IV/21b) and 9-Ethyl-s-triazolo[4,3-a]pteridine 
(IV/21c) 
Similar treatment of pteridin-2-ylhydrazine with triethyl 
orthoacetate (5 h) or triethyl orthopropionate (2.5 h) gave, 
respectively, the methyltriazolopteridine (35 %), m.p. 186° 
(dee.) (Found: C, 51.9; H, 3.3; N, 45.4 . c8H6N6 requires 
C, 51.6; H, 3.2; N, 45.1 %) (n.m.r. 3.03, s, Me; 9.09, s, 
0 H 2,3; 9.34, s, H 5) and the ethyl homologue (68 %), m.p. 212 
(dee.) (Found: C, 53.9; H, 4. 1; N, 42.4. c9H8N6 requires 
C, 54.0; H, 4.0; N, 42.0 %). N.m.r. 1.44, t, ~ 7.4, Me of Et; 
3.49, q, ~ 7.4, CH 2 ; 9.08, s, H 2,3; 9.28, s, H 5. 
.... 
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CHAPTER V 
3-ALKYLTHI0-~-TRIAZ0L0[3,4-l]PURINES 
AND 9-ALKYLBIS-~-TRIAZ0L0[3,4-~:3' ,4'-l]PURINES 
V-1 Introduction 
In 1959 Glushkov et al. reported that treatment of 
'8-hydrazinocaffeine' with boiling formamide gave ~-triazolo-
[4,3-~]caffeine (V/1) but no evidence for that structure was 
presented. In 1965 Temple et al. showed that the treatment of 
purin-6-ylhydrazines with diethoxymethyl acetate, or trialkyl 
orthoformate containing a trace of hydrochloric acid, gave 
~-triazolo[3,4-l]purir.es (V/2). The reaction of the parent 
~-triazolo[3,4-l]purine (V/2; R = H) with hydrochloric acid 
gave the triazole (V/3; R = H), which was converted subsequently 
into the corresponding ~-triazolo[5,l-l] isomer (V/4; R = H) by 
treatment with diethoxymethyl acetate at room temperature. The 
same compound (V/4; R = H) was obtained directly by Dimroth-
like rearrangement: the reaction of ~-triazolo[3,4-l]purine 
(V/2; R = H) with hot (180 - 185°) formamide gave s-triazolo-
[5,1-l] isomer (V/4; R = H). Similarly, 7- and 9-benzyl-~-
triazolo[3,4-l]purines (V/2; R = CH 2c6H5 ) were converted into 
their [5,1-l] isomers (V/4; R = CH 2c6H5 ) by rearrangement. In 
addition, the unambiguous synthesis of ~-triazolo[5,l-l]purines 
was carried out by two groups independently in 1974. Wiemer 
and Leonard (1974) reported that when 'l-aminoadenium 
mesitylenesulfonate' (V/5) {prepared from adenine with o-
mesitylenesulfonylhydroxylamine) was heated with a mixture of 
triethyl orthoformate and dimethylformamide, the s-triazolo-
purine (V/7; R = H) resulted. Huang et al. (1974) obtained 
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the same tyoe of compound (V/7; R = CH 3 ) from the reaction of 
'l-amino-9-methyladenine' (V/6; R = CH 3 ) and triethyl ortho-
formate. 
Two other ~-triazoloourine systems, exemplified in the 
~-triazolo[4,3-~]purinone (IV/8a,b) (Marumoto, Yoshioka and 
Honjo, 1974) and ~-triazolo[l ,5-a]purine (IV/9) (Anderson, 
Rizkalla and Broom, 1974) are also known (cf. Chapter I-3-J). 
V-2 Synthesis and Spectra of 3-Alkylthio-s-triazolo[3,4-i}-
purines and 9-Alkylbis-s-triazolo[3,4-b;3' ,4'-i]purines 
Since the parent s-triazolo[3,4-i]purine (V/2; R = H) 
(Temole et al., 1965, 1967), its [5,1-l] isomer (V/4; R = H) 
(Temple et al., 1965, 1967; Wiemer and Leonard, 1974) and some 
simple derivatives in both systems had already been described, 
(Temple et al., 1965, 1967; Huang et al., 1974), purin-6-
ylhydrazine (V/10) was used to prepare two potential amplifiers 
of anti-tumor agent phleomycin. Thus, purin-6-ylhydrazine 
(V/10), previously made by the reaction of the corresponding 
chloropurine and anhydrous hydrazine (Montgomery and Holum, 
1957), was prepared from purine-6(1H)-thione and hot (100°) 
hydrazine hydrate. Condensation of this hydrazine (V/10) with 
carbon disulfide in pyridine containing triethylamine gave 
~-triazolo[3,4-l]purine-3(2~)-thione, formulated for convenience 
as its tautomeric thiol (V/11). Subsequent ~-alkylation with 
methyl iodide and 2-chloroacetamide in aqueous sodium hydroxide 
gave 3-methylthio-~-triazolo[3,4-l]purine (V/12) and 2-(~-
triazolo[3,4-i]purin-3'-ylthio)acetamide (V/13), respectively. 
The u.v. spectra of the former (V/12) as anion and neutral 
molecule resembled those of the parent heterocycle (V/2; R = H) 
but differed markedly from those of its [5,1-i] isomer (V/4; 
NHNH 2 N--N 
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R = H) (see Table V-1 ). thereby precluding Dimroth-li ke 
rearrangement at either the condensation or alkylation stage. 
Both thioethers proved insufficiently soluble for primary 
screening as amplifiers of phleomycin in a bacterial system. 
Despite the successful formation (Glushkov et al., 1959) 
of the ~-triazolo[4,3-!]purine (V/1) from '8-hydrazinocaffeine', 
the simple substrate (V/14) failed to provide the expected 
~-triazolo[3,4-f]ourines (V/16) when treated with orthoesters. 
For example, (V/14) gave the intermediates _!i-(l '-ethoxyethyl-
idene)-9-methylpurin-8-ylhydrazine (V/15; R = CH 3 ) and its 
ethoxypropylidene homologue (V/15; R = c2H5 ) with triethyl 
orthoacetate and orthopropionate. Elemental analysis indicated 
that cyclization had not occurred and n.m.r. spectra offered 
strong support for the assigned structure. For example, 
Figure V-1 summarizes chemical shifts for the compound (V/15; 
R = CH 3 ). It shows one ( o 3.24) of two methyl groups as an 
_!i-methyl group (9-methyl), and the other ( o 2.02) as a f-methyl 
group (H 2') associated with the C=N grouping. The chemical 
shift of the ethoxy group (o 4.13, CH 2 of Et; o 1.26, Me of Et) 
is also consistent with assigned structure. 
Neither product underwent cyclization and both gave highly 
coloured materials on heating in ethanol or dimethyl sulfoxide, 
possibly because of the oxidation of these intermediates (cf. 
Potts and Lovellete, 1969). 
In 1964, Tenor and Kroger made a few derivatives of~-
triazolo[5,l-~]purine (V/18) by the cyclization of ~-triazolo-
[l ,5-~]pyrimidine derivatives (V/17) but no attempt was made to 
use purin-2-ylhydrazine to produce ~-triazolo[4,3-~]- or 
~-triazolo[3,4-~]-purines because of the essential ambiguity 
- -
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of such a synthesis in respect of the direction of ring 
closure. Therefore '2,6-dihydrazinopurine' (V/19), which had 
been previously made by the reaction of the corresponding 
dichloropurine or 2-chloro-6-hydrazinopurine with anhydrous 
hydrazine (Montgomery and Holum, 1957), was employed for a 
reaction with orthoesters, in which no such ambiguity existed. 
Thus, on prolong heating with trimethyl orthoacetate, the 
intermediate (V/19) gave a single product bearing three methyl 
groups. N.m.r. spectra of this product showed two of these 
( o 2.85, 2.94) as f-methyl groups and one ( o 4.12) as an 
~-methyl group. The spectrum was therefore consistent with 
3,7,9-trimethylbis-~-triazolo[3,4-Q:3'-4'-l]purine (V/20a) 
or its 3,7,11-trimethyl isome r (see Figure V-2). The additional 
remote possibility, that one or both triazole rings had under-
gone Dimroth-like rearrangement, was precluded by the above 
chemical shifts for the f-methyl group which would have appeared, 
in such event, at~- o 2.50 (Brown and Nagamatsu, 1977, 1978, 
1979; cf. Chapter 11-4, 111-5, IV-4). To prove the origin of 
the ~-methyl group, the experiment was repeated, this time using 
triethyl orthoacetate with the substrate (V/19). The homologue 
3,7-dimethyl-9-ethylbis-~-triazolo[3,4-Q:3' ,4'-l]purine (V/20b) 
or its 11-ethyl isomer resulted. Likewise, triethyl ortho-
propionate and the substrate (V/19) gave a triethyl homologue 
(V/20c). Meanwhile, to prove the position of the ~-alkyl 
group, the known 9-ethylpurine-2,6(1~,3~)-dithione (V/21) 
(Israel, Muhammad and Modest, 1971) was converted into the 
dihydrazino derivatives (V/22) followed by treatment with 
triethyl orthopropionate to yield the same compound as (V/20c). 
Thus were proven the origin and position of the ~-alkyl group. 
-
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Although less common than ~-alkylations (Chatterjee and 
Anand, 1958; Taylor and Hendress, 1965; Badger, Brown and 
Lister, 1973), such ~-alkylations by orthoester are not 
entirely without precedent. For example, primary aromatic 
amines underwent ~-alkylation with orthoesters in the presence 
of an acid catalyst (Roberts and Vogt, 1956); likewise some 
thiouracils gave separable mixtures of both S- and ~-alkyl 
derivatives by treatment with orthoester-anhydride mixtures 
(Badger, Brown and Lister, 1973). 
V-3 Experimental 
Analyses were done in the Australian National University 
Analytical Services Unit. Melting points were uncorrected. 
The n.m.r. spectra were measured at 90 MHz and 30° in (CD 3 ) 2so 
against Me 4Si (chemical shifts in o; J values in Hz). 
s-Triazolo[3,4-i]purine-3(2H)-thione (V/11) 
Purine-6(1~)-thione (5.0 g) and hydrazine hydrate (20 ml) 
were stirred at c. 100° for 40 min. The cooled mixture was 
diluted with an equal volume of ethanol and the crystalline 
material was triturated with a little water. This purin-6-
ylhydrazine (V/10) (67 %) was identical with an authentic 
specimen (Montgomery and Holum, 1957). 
The purinylhydrazine (2.0 g), carbon disulfide (5.0 ml), 
triethylamine (5.0 g) and pyridine (200 ml) were heated under 
reflux for 3 h. The residue from evaporation in a vacuum was 
dissolved in water and acidified with acetic acid to give a 
crystalline precipitate of the triazolopurinethione dihydrate 
(53 %), m.p. >274° (from water) (Found: C, 31.4; H, 3.3; 
N, 36.7; S, 14.0. c611 4N6S.2H 20 requires C, 31.6; H, 3.5; 
-
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N, 36.8; S, 14.1 %). N.m.r. 8.32, s, H 8; 8.91, s, H 5. 
3-Methylthio-s-triazolo[3,4-i]purine (V/12) 
Methyl iodide (l.4 g) was added slowly to a stirred 
solution of the above thione (V/11) (l.0 g) in 0.5 ~ sodium 
hydroxide (10 ml) maintained at 0-5°. Stirring was continued 
for 6 h while the mixture reached room temperature. Acidifica-
tion with acetic acid and prolonged refrigeration gave the 
thioether (63 %), m.p. >245° (dee.) (from water) (Found: 
C, 40.4; H, 2.9; N, 40.5; S, 15.5. c7H6N6S requires C, 40.8; 
H, 2.9; N, 40.8, S, 15.6%). N.m.r. 3.30, s, Me; 8.38, s, H 8; 
9.04, s, H 5. A at pH 13: 269, 279, 313; at pH 7: 270, max. 
276, ~- 300 nm. Cf. (Temple et al., 1965, 1967) (V/2) at 
pH 13: 263, 272, 301; at pH 7: 257, 263, 284; and the [5,1-i] 
isomer at pH 13: 290; at pH 7: 262, 277 nm. 
2-(s-Triazolo[3,4-i]purin-3'-ylthio)acetamide (V/13) 
The thione (V/11) (1.0 g) was treated as above but with 
2-chloroacetamide (1.0 g). The resulting product (V/13) (39 %) 
had m.p. >250° (dee.) (from ethanol) (Found: C, 38.1; H, 3.0; 
N, 39.0; S, 12.5. c8H7N70s requires C, 38.5; H, 2.8; N, 39.3; 
S, 12.9%). N.m.r. 3.86, s, H 2; 7.18, s, br, NH; 7.59, s, br, 
NH; 8.40, s, H 8'; 9.13, s, H 5'. 
9-Methylpurin-8-ylhydrazine (V/14) 
9-Methylpurine-8(7H)-thione (Brown and Mason, 1957) 
(l.0 g), hydrazine hydrate (l.2 g) and butanol (50 ml) were 
heated under reflux for 18 h. After cooling, filtration gave 
the methylpurinylhydrazine (52 %), m.p. 281° (dee.) (from water) 
(Found: C, 44.0; H, 4.8; N, 51.4. c6H8N6 requires C, 43.9; 
H, 4.9; N, 51.2 %). N.m.r. 3.50, s, Me; 8.47, s, H 6; 3.51, s, 
H 2. 
-
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N-(1 '-Ethoxyethylidene)-9-methylpurin-8-ylhydrazine (V/15; 
R = CH 3l 
The above purinylhydrazine (V/14) (0.3 g), triethyl ortho-
acetate (10 ml) and dioxane (15 ml) were heated under reflux 
for 30 ~in. The residue from evaporation was triturated with 
a little ether to give the ethoxyethylidene derivative (64 %), 
m.p. 170-171° (from ether) (Found: C, 51 .6; H, 6.2; N, 35.6. 
c10 H14 N60 requires C, 51.3; H, 6.0; N, 35.9 %). N.m.r. 1.26, 
t, ~ 7, Me of Et; 2.02, s, H 2'; 3.24, s, 9-Me; 4.13, q, J 7, 
CH 2 of Et; 7.81, s, br, H 6; 8.20, s, H 2. 
N-(1 '-Ethoxypropylidene)-9-methylpurin-8-ylhydrazine (V/15; 
R = C 2li5l 
The purinylhydrazine (V/14) was treated as above with 
triethyl orthopropionate to give the ethoxypropylidene 
derivative (52 %), m.p. 147-148° (Found: C, 53.0; H, 6.6; 
N, 33.5. c11 H16 N6o requires C, 53.2; H, 6.5; N, 33.9 %). 
N.m.r. 1.06, t, ~ 7.5, H 3'; 1.26, t, ~ 7.1, Me of OEt; 2.53, 
q, ~ 7.6, H 2'; 3.30, s, 9-Me; 4.18, q, ~ 7.1, CH 2 of OEt; 
7.93, s, br, H 6; 8.37, s, H 2; 10.41, s, br, NH. 
Purine-2,6-diyldihydrazine (V/19) 
(A) Purine-2,6-(l_!j_,3.tl_)-dithione (Beaman, 1954) (4.5 g) 
and hydrazine hydrate (210 ml) were heated under reflux for 
28 h. After cooling, the precipitate was removed and washed 
with a little water. A second crop was obtained on evaporation 
of the mother liquors and treatment of the residue with water. 
The total yield of the product (V/19) was 57 %, identical with 
a specimen prepared (Montgomery and Holum, 1957) from 2,6-
dichloropurine. 
--
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(B) 2,6-Bismethylthiopurine ( Noell and Robins, 1959) 
(l.0 g) and hydrazine hydrate (50 ml) were heated under reflux 
for 12 hand then worked up as above. The product (69 %) was 
identical with that from (A). 
3,7,9-Trimethylbis-s-triazolo[3,4-b:3' ,4'-i]purine (V/20a) 
The dihydrazine (V/19) (0.5 g) and trimethyl orthoacetate 
(20 ml) were heated under reflux for 52 h. After cooling, the 
crystalline product was filtered off and evaporation of the 
filtrate gave a second crop. The trimethyl derivative (78 %) 
had m.p. >255° (dee.) (from ethanol) (Found: C, 49.9; H, 4.3; 
N, 46.0. c10 H10 N8 requires C, 49.6; H, 4.2; N, 46.3 %). N.m.r. 
2.85, s, CMe; 2.94, s, CMe; 4.12, s, 9-Me, 8.20, s, H 10. 
9-Ethyl-3,7-dimethylbis-s-triazolo[3,4-b:3'-4'-i]purine (V/20b) 
When the same substrate (V/19) was treated with triethyl 
orthoacetate as above, the 9-ethyl homologue (71 %), m.p. 281-
2820 (from ethanol) resulted (Found: C, 51.7; H, 4.8; N, 43.7. 
c11 H12 N8 requires C, 51.6; H, 4.7; N, 43.7 %). N.m.r. 1.53, t, 
i 7.5, Me of Et; 2.84, s, CMe; 2.93, s, CMe; 4.52, q, J 7.6, 
CH 2 of Et; 8.29, s, H 10. 
3,7,9-Triethylbis-s-triazolo[3,4-b:3' ,4'-i]purine (V/20c) 
(A) Treatment of the substrate (V/19) with triethyl 
orthopropionate as above gave the triethyl homologue (V/20c) 
(67 %), m.p. 235-242° (from ethanol) (Found: C, 54.6; H, 5.7; 
N, . 38.9. c13 H16 N8 requires C, 54.9; H, 5.7; N, 39.4 %). N.m.r. 
1.41, t, ~ 7.4, Me of CEt; 1.43, t, ~ 7.4, Me of CEt; 1.55, t, 
~ 7.5, Me of 9-Et; 3.34, q, ~ 7.4, CH 2 of CEt; 3.41, q, J 7.4; 
CH 2 of CEt; 4.55, q, ~ 7.6, CH 2 of 9-Et; 8.31, s, H 10. 
(B) 9-Ethylpurine-2,6(1~,3~)-dithione (Israel, Muhammad 
.- -
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and Modest, 1971) (0.7 g) and hydrazine hydrate (30 ml) were 
heated under reflux for 30 h. Concentration gave a solid which 
was washed with water and recrystallized from ethanol to give 
9-ethylpurine-2,6-diyldihydrazine (V/22) (31 %), m.p. 190° 
(Found: C, 40.3; H, 6.1; N, 54.1. c7H12 N8 requires C, 40 . 4; 
H, 5.8; N, 53.8 %). Treatment of this material with triethyl 
orthopropionate as above gave the same product (V/20c) (50 %) 
as in (A). 
- -
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N,N- Dimethyl -N'- (2 - phenyl -s- triazol o [l , 5-c ]pyrimi din -
5- yl)formamidine 65 
6,7-Dimethylpteridine-4(3H}-thione 84 
6, 7- Dimethylpteridin - 4- ylhydrazine 84 
N,N- Dimethyl -N'- (pteridin - 4- yl)formamidine 88 
N,N- Dimethyl -N'- (pteridin - 7- yl)formamidine 105 
2, 5- Dimethyl -s- triazolo [ l , 5-c ]pteridine 86 
3, 5- Dimethyl -s- triazolo [ 4, 3-c] pteridine 86 
8, 9- Dimethyl -s- triazolo [ l , 5-c }pteridine 84 
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N- (2 , 7- Dimethyl -s- triazolo [ l , 5-c ]pteridin - 5- yl) -
N',N'- dimethylformamidine 65 
N,N- Dimethyl - 2- ( s- triazolo [ 3, 4-h ]pteridin - 9 '-
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2, 7- Dimethyl -s- triazolo [ l , 5-c] pyrimidin - 5- ylamine 64 
N,N- Dimethyl -N'- ( s- triazolo [ l , 5-C ]pyrimidin - 5-
yl)formamidine 64 
N- (2 , 7- Dimethyl -s- triazolo [ l , 5-c ]pyrimidin - 5- yl) -N'-
hydroxyformamidine 66 
N- (1 '- Ethoxyethylidene) - 9- methylpurin - 8- ylhydrazine 120 
N- (1 '- Ethoxypropylidene) - 9- methylpurin - 8- ylhydrazine 120 
9- Ethyl - 3, 7- dimethylbis -s- triazolo[3 , 4-b: 3 ', 4 '-i Jpurine 121 
3- Ethyl - 8 , 9- dimethyl -s- triazolo [ 4, 3-c} pteridine 86 
2- Ethyl - 7- methyl -s- triazoloD , 5-c}pyrimidin- 5(6 H) - one 62 
9- Ethylpurine - 2, 6 - diyldihydrazine 122 
2- Ethyl -s- triazofo [1, 5-c] pteridine 83 
3- Ethyl -s- triazolo [4, 3-c]pteridine 83 
9- Ethyl -s- triazolo~ , 3-a]pteridine 106 
N- [3- (5 '- Ethyl - 1 ', 2 ', 4 '- triazol - 3 '- yl)pyrazin - 2-
yl} formamidine 84 
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4-Hydrazino-6-methylpyri midin-2(1 H)-one 61 
4-Hydrazinopyrimidin-2(1 H)-one 61 
N- Hydroxy -N'- (7 - methyl - 2- phenyl -s- triazolo [ l , 5-c l -
pyrimidin - 5-yl)formamidine 66 
N- Hydroxy -N'- (2 - methyl -s- triazolo[l , 5-c ]pyrimidin -
5- yl)formamidine 66 
N- Hydroxy -N'- (7 - methyl -s- triazolo[l , 5-c ]pyrimidin -
5- yl)formamidine 66 
N- Hydroxy -N'- (2 - phenyl -s- triazolo[l , 5-c ]pyrimidin -
5- yl)formamidine 66 
N- Hydroxy -N'- (pteridin - 4- yl)formamidine 88 
N- Hydroxy -N'- (pteridin - 7- yl)formamidine 105 
N- Hydroxy -N'- ( s- triazolo[l , 5- c ]pyrimidin - 5- yl)formamidine 65 
5- Methylbis -s- triazolo [ l , 5-a: 1 ', 5 '-c ]pyrimidine 69 
8- Methylbis -s- triazolo [ l , 5-a: 1 ', 5 '-c ]pyrimidine 68 
4-Methyl-6-methylthiopyrimidin-2(1 H)-one 60 
5- Methyl - 8- phenylbis -s- triazolo[l,5 -a: 1 ', 5 '-c ]pyrimidine 69 
7- Methyl - 2- phenyl -s- triazolo[l , 5-c lpyrimidin - 5(6 H) - one 62 
7- Methyl - 2- phenyl -s- triazolo[l , 5-c ]pyrimidin - 5- ylamine 64 
2- Methylpteridine - 4(3 H) - thione 86 
2- Methylpteridin - 4- ylhydrazine 87 
9- Methylpurin - 8- ylhydrazine 119 
9- Methylthio -s- triazolo[J , 4-h ]pteridine 104 
3- Methylthio -s- triazolo [ J , 4-i ]purine 119 
6-Methyl-4-thiouracil 60 
2- Methyl -s- triazolo [ l , 5-c] pteridine 83 
3- Methyl -s -triazolo[4 , 3-c ]pteridine 83 
9- Methyl -s- triazolo [ J, 4-h ]pteridine 103 
9- Methyl -s- triazolo [4, 3-a ]pteridine 106 
2- Methyl -s -triazolo [ l , 5-c lpyrimidin - 5(6 H) - one 61 
--
7-Methyl- s -triazolo[l ,5- c ]pyri midi n- 5 (6 H)-one 
2- Methyl -s- triazolo[l , 5-c l pyrimidin - 5- ylamine 
7- Methyl -s- triazolo [ l , 5-cl pyrimidin - 5- ylamine 
8- Phenylbis -s- triazolo[l , 5-a: 1 ', 5 '-c lpyrimidine 
2- Phenyl -s- triazolo[l , 5-c }pyrimidin - 5(6 H) - one 
2- Phenyl -s- triazolo [ l , 5-c ]pyrimidin - 5- ylamine 
Pteridin - 4- ylcyanamide 
Pteridin - 2- ylhydrazine (as picrate) 
Pteridin - 7- ylhydrazine 
Purine - 2, 6- diyldihydrazine 
Purin-6-ylhydrazine 
2, 5 , 8, 9- Tetramethyl -s- triazolo [l , 5-c] pteridine 
3, 5:B , 9- Tetramethyl -s- triazolo [4, 3-c ]pteridine 
4-Thiouracil 
S- Triazolo[l , 5-c ]pteridine 
s-Triazolo[3 , 4-h ]pteridine 
S- Triazolo [4, 3-a }pteridine 
s-Triazolo [4, 3-c]pteridine 
s- Triazolo[5 , 1-h]pteridine 
s-Triazolo [3,4 -h lpteridine - 9(8 H) - thione 
s- Triazolo [3, 4-i ]purine - 3(2 H) - thione 
2- ( s-Triazolo [3, 4-i lpurin - 3 '- ylthio)acetamide 
s- Triazolo [l , 5-c]pyrimidin - 5(6 H) - one 
s- Triazolo [l , 5-c]pyrimidin - 5- ylamine 
3, 7, 9- Triethylbis -s- triazolo[3 , 4-b: 3 ', 4 '-i ]purine 
3, 7, 9- Trimethylbis -s- triazolo [3, 4-b: 3 ', 4 '-i ]purine 
2, 6 , 7- Trimethylpteridine - 4(3 H) - thione 
l 26. 
61 
63 
64 
68 
61 
63 
88 
l 05 
103 
120 
11 8 
87 
87 
60 
82 
l 03 
106 
82 
l 04 
103 
11 8 
11 9 
61 
63 
l 21 
l 21 
87 
-·-
2, 6 , ?- TrimethyZpteridin - 4- yZhydrazine 
2, 8 , 9- TrimethyZ -s- triazoio [l , 5-c lpteridine 
3, 8 , 9- TrimethyZ -s- t r iazoZo [4, 3-cl pteridine 
127. 
87 
85 
85 
----
128. 
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Bis-s-triazolo[l,5-a: l' ,5' -c]pyrimidine 
and Some S imple Derivatives 
Desmond J . Brown and Kazuo Shinozuka 
John Curtin School of Medical Research. 
P.O. Box 334, Canberra City, A.C.T . 2601 . 
Absrract 
Aust. J. Chem., 1980, 33, 1147- 52 
A general synthetic route to the new tricyclic ystem bis-s-triazolo[l ,5-a : I ',5' -c]pyrimidine, is 
reported . Thus the parent heterocycle (I la) is prepared from the key bicyclic intermediate, 
s-triazolo[l ,5-c]pyrimidin-5-ylamine (7a), through the corresponding 5-dimethylaminomethylene-
amino (8a), 5-hydroxyaminomethyleneamino (9a) and 5-acetoxyaminomethyleneamino (J0a) 
deriva tives, followed by fin al cyclization. Its 8-methyl (lib), 8-phenyl (I Jc), 5-methyl (lid), 5,8-
dimethyl (I le) and 5-methyl-8-phenyl (11 f) deriva tives are prepared rather similarly. Structures 
are confirmed by n.m.r. spectra . 
Although Karp and Portnyagina I have described compounds as 5- and 6-methylbi -
s-triazolo[l ,5-a: l ',5'-c]pyrimidine, thee have been hown 2 recently to be, in fact , 
the respective [4,3-a:4',3'-c] i omers. We now report ynthe e for the first authentic 
members of the bis-s-triazolo[ 1,5-a : I ',5' -c]pyrimidine series, namely the parent 
heterocycle (1 1 a) and its imple derivatives ( 11 b- f) . 
Th us uracil (I ; R = H) was converted by improved procedures into 4-thiouracil 
(2 ; R = H) and thence into the hydrazinopyrimidinone (3 ; R = H). This underwent 
cyclization in boiling formic acid , triethyl orthoacetate, or triethyl orthobenzoate 
to the intermediate triazolo[4,3-c]pyrimidinone (4a- c) which rearranged to yield 
their respective [I ,5-c] i omers (Sa- c) . Treatment with phosphoryl chloride gave the 
corresponding ch loro derivative (6a- c) which reacted with ammonia to yield the 
primary amine (7a- c) . With dimethylformamide dimethyl acetal, the e gave the 
Schiff ba e (8a- c) which underwent successive tran amination by hydroxylamine 
and O-acetylatio n to furni sh the analogues (9a- c) and (I0a- c) . On boiling in water 
t he latter gave the required tricyclic product (1 la- c). Likewise, 6-methyluraci l 
( I ; R = Me) eventua ll y gave the homologou t ricyclic products (1 ld- f) by the 
sequence (2 ; R = Me) (3 ; R = Me) --> (4d- f) --> (Sd- f) --> (6d- f) --> (7d- f) --> 
(8d- f) --> (9d- f) ( I0d- f) , in which the bicyclic intermediates (5d), (Se), (6d) and 
(6e) had been described 2 previously. Such equence have been used el ewhere.3 
The spontaneou rearrangement of the intermediate s-triazolo[4,3-c]pyrimidin-
5-one (4a- c,f) into their [1 ,5-c] isomers (Sa- c, f) wa confirmed by comparing their 
n.m.r. spectra with tho e of the proven 2 structure (Sd ,e). The n.m.r. spectra of the 
bicyclic compounds (6)- ( 10) were little affected by the change in 5-substituent e ·cept 
' Karp, V. K ., and Portnyag ina, V. ., Klii111 .- Far111 . Zh ., 1970, 4(7), 29. 
2 Brown, D . J ., and Nagamatsu, T., Aust. J . Chem., 1979, 32, 15 5. 
3 Yercek, B., Stanovnik, B., Tisler, M., and Zrimsek, Z., Org. Prep . Proced. Int., 1978, 293. 
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for the chemical shi ft of H 8 which reflected, fo r example, electron withdrawa l 
(b 7 · 87) in the 5-chloro derivative (6a), electron relea e (b 6 · 94) in the 5-amino 
derivative (7a), a nd the effect of protonation (b 7 · 79) in the acetoxy compound ( I 0a) 
dissolved (necessa ril y) in trifluoroacetic acid . Chemical hifts in the tricyclic 
compounds ( I la- f) proved quite consistent wi th those in isomeric systems: for 
example, H 2 (b 8·44) an d H 8 (b 8 · 64) in ( I Id) lay close to the corresponding 
triazole-ring protons, H 2 (b 8 · 35) in 9-meth ylbi s-s-triazolo[ 1,5-a: 4' ,3' -c]pyrimidine4 
and H 8 (b 8·62) in 5-methylbis-s-triazolo[4,3-a:l ',5'-c]pyrimidine ;2 likewise, the 
pyrimidi ne-ring protons (H 5, H 6) in the system ( 11 ) differed little in position from 
the corresponding proton in isomeric systems. 2 •4 The tricyclic products (I l a- f) 
howed ultraviolet spectra of two main peaks ( < 220, c. 260 nm), each flanked by 
well-developed shoulders. 
R 
(1) 
(5) 
£
-<R2 
N/ 
,A 
II 
HOHN-CH 
(9) 
Experimental 
~ NH 
R)lN~O 
H 
(2) 
(6) 
R2 
.,£1 
II 
AcOH -CH 
(10) 
[.,{t·'J 
(3) (4) 
(7) (8) 
R1 R2 
{a) H H 
(b) H Me 
( c) H Ph 
(d} Me H 
{e) Me Me 
(11) ( f) Me Ph 
Analyses were done by the A.N.U. Analytical Services Unit. Melting points a re uncorrected . 
. m.r. spectra were measured (except as otherwise indicated) in ( DJJ,SO at 60 MHz a nd 35° 
against Me4 Si as internal standard (chemical shifts in o; J values in Hz); u.v . spectra were recorded 
from ethanolic solution and the given data (shou lders in italics) were checked on a manual 
spectrophotometer. 
4- l-/ydrazinopyrimidi11-2(/H)-011es (3; R H or Me) 
Phosphorus pentas ulfide (7 -0 g) was added to a ho t so lution of uraci l (12 -0 g) in a nhydrous 
pyridine (600 ml) and the mixture was boi led under reflu x with tirring fo r 20 h. After eva pora tion 
4 R eim linger, H ., Chem. Ber., 1970, 103, 3278 . 
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of the solvent , the residue was extracted thoroughly with boiling ethanol. On refrigeration , the 
filtrate deposited a solid which was washed with water and recrystallized from ethanol to give 
4-thiouracil (2 ; R = H) (86 %), m.p. 317- 321 ° (lit. 5 77 %; 320°). 6-Methyluracil (I; R = Me) 
was converted imilarly into 6-methyl-4-thiouracil (2 ; R = Me) (76 %), m.p. 341 - 342° [lit. 6 > 250° 
(dee.)], which was methylated6 to give 4-methyl-6-methylthiopyrimidin-2(1H)-one (86 %), m.p. 
178- 180° (lit. 6 174-175°). 
4-Thiouracil (2 ; R = H) (10 -0 g), hydrazi ne hyd ra te (20 ml) and ethanol (100 ml) were boiled 
under reflux for I h . Refrigeration gave a solid which was combined with that obtained by subsequent 
evaporation of the filtrate and trituration of the residue with a little methanol. The yield of 
4-hydrazinopyrimidin-2(1 H)-one (3; R = H) was 67 %, m.p. > 350° [lit. 7 305-310 (dee.)]. 
4-Hydrazino-6-methylpyrimidin-2(1 H)-one (3; R = Me) was made in 78 % yield by hydrazinolysis8 
of the above 4-methyl-6-methylthiopyrimidin-2-one. 
s-Triazolo[l ,5-c]pyrimidin-5(6H )-ones (5) 
The hydrazinopyrimidinone (2 ; R = H) (3 · 5 g) a nd 98 % formic acid (50 ml) were heated under 
reflux for 3 h. Addition of a little ethanol to the residue from evaporation gave s-tria=olo[J ,5-c]-
pyrimidin-5(6H )-one (Sa) (87 %), m.p. > 340° (dee.) (from water) (Found: C, 44 -2 ; H, 3 · l ; , 41 -4. 
C 5 H4 .orequires , 44·1 ; H ,3·0; N , 41 ·2 %) . . m.r.6 -71,d, J7, H 8; 7-43,d,J7,H7 ; 
8-34, s, H 2. 
The same pyrimidinone (triethyl orthoacetate; reflux, 20 h) gave 2-methyl-s-triazolo[l,5-c]-
pyrimidin-5(6H )-one (Sb) (84 %), m.p. 321 - 323° (from ethanol) (Found: C, 48 ·2; H , 4 -3; , 37 · . 
C 6 H 6 N4O requires , 48 -0 ; H , 4 -0 ; , 37·3 %) (n.m.r. 2 -39, , Me ; 6 -58, d, J 7, H8 ; 7 -47, d , 
J 7, H 7) and [triethyl orthobenzoate (3 parts) in dioxan (6 pa rts); reflux, 24 h] 2-phenyl- -triazolo-
[l ,5-c]pyrimidin-5(6H )-011e (5c) (93 %), m .p. 341 - 344 (from aqueous dimethylformamide) (Found : 
C,62 -7; H ,4· 1 ; , 26·1. 11 H8 ,0 requires ,62·3; H ,3-8; , 26 ·4 %) (n.m.r. 6 -79, d, 
J8 , H 8; 7 -59,d, J8, H 7 ; 7·53 , m, H 3',4',5' ; 8 - ll , m, H 2',6'). 
Similar procedures using 4-hydrazino-6-methylpyrimidin-2-one (3; R = Me) gave 7-methyl-
and 2,7-dimethyl-s-lriazolo[ l ,5-c]pyrimidin-5(6H )-one (5d) and (Se) ;2 2-ethyl-7-methy l-s-tria=olo-
[l ,5-c]pyri111idi11-5(6 H)-o11e (5; R' = Me, R 2 = Et) (83 %), m.p. 234-235° (from toluene) (Found : 
C, 54·0; H , 6 -0 ; , 31 · 1. C 8 H ,0 N4O requires , 53 ·9: H, 5 -7; , 31 ·4%) (n .m.r. 1-57, t, 
J 7, Me of Et ; 2 -28, s, 7-Me; 2 ·73, q, J 7, C H, ; 6 -45, s, H 8) ; and 7-merhy l-2-pheny l-s-tria=olo-
[l ,5-c]py ri111idi11-5(6H)-011e (Sf) (82 %), m.p. 321 - 323° (from ethanol) (Found : C, 63 -8 ; H , 4 · 5; 
N, 24 -7. 12 H 10N 4O require , 63 -7; H , 4 -5 ; N, 24·8 %) (n .m.r. 2·31, s, Me ; 6-54, , ll 8; 
7-46, m, H 3' ,4 ',5'; 8 · 11 , 111 , H 2',6'). 
5-Chloro-s-rriazolo[J ,5-c]pyri111idi11es (6) 
s-Triazolo[ l ,5-c]pyrimidin-5-one (Sa) (4 g), phosphoryl chloride (150 ml) and , 1 -diethylaniline 
( 15 ml) were heated under reflux for 48 h. After remova l of most of the excess of phosphoryl chloride 
in a vacuum at c. 100°, the re idue was stirred in ice-water for 20 min. Extraction with ether and 
sub equent evapora tion gave 5-chloro-s-rriazolo[l,5-c]py ri111idi11e (6a) (57 %) , m.p. 124-126 (from 
diethylether)(Found: ,39-2; H ,2-2; ,36·2. 5 H3 IN.require C, 38-8; H ,2-0; ,36·2%). 
N.m.r.7 -87,d,J6, H 8 ; 8-15,d,J6,H7 ; 8-69,s, H 2. 
Rather simi larly (variation in parentheses) the triazo lopyrimidinones (5b- f) gave, respectively : 
5-chloro-2-111ethyl-s-triazolo[l,5-c]pyri111idi11e (6b) (heating 20 h) (79 %), m.p. 103- 104° (from toluene) 
(Found : , 43 -4; H, 3 · 1. 6 H 5 IN 4 require , 42 ·7; H , 3-0 %) (n.m.r. 2 -55, s, Me ; 7 -76, 
d , J 2, H 8; · 14 , d , J 6, H 7) ; 5-chloro-2-phenyl- -rriazolo[l ,5-c]pyri111idi11e (6c) (heating 24 h) 
(87 %), m.p. 190- 192° (from toluene) (Found: , 57 -7 ; H, 3 ·2; , 24 ·6. 1, H 7 CI • require 
C,57-3; H, 3 · 1; N,24 · 3 %)(n.m.r.7-54, m,H3' ,4' ,5'; 7 - 6, d , 16, H S; 8- 16, d,J6, H 7 : 8-18, 
m, H 2',6'); 5-chloro-7-methyl- and 5-chloro-2, 7-dimethyl-s-triazolo[ l ,5-c]pyrimidine (6d) and (6e) ;2 
and 5-cldoro-7-methy l-2-phenyl-s-rriazolo[l ,5-c]pyrimicline (6f) (heating 7 h) (82 %), m.p. I 79- 1 0° 
(fromtoluene)(Found: ,59-0; H,4 -0 ; , 22 ·8. 1 2 H9 IN.requires ,58-9; H,3 -7; ,22·9%) 
(n.m.r. 2-53, s, Me ; 7 -56, 111, H 3' ,4' ,5 ' ; 7 -73, s, H S; 8 -21, m, H 2',6'). 
5 Mizuno, Y., Ikehara, M., and Watanabe, K. A. , Chem. Phann. Bull. , 1962, 10, 647. 
6 Wheeler, H . L., and McFarland, D .. , Am. Chem . J., 1910, 42, 43 1. 
7 Fox, J . J., van Praag, D., Wempen, I. , Doerr, l. L. , heong, L., Knoll , J. E., idinoff, M. L. , 
Bendich, A., and Brown, . B., J . Am. Chem . oc., 1959, 81 , 178. 
8 Vanderhaeghe, l-l ., and laesen, M ., Bull. oc. Chim. Belg., 1959, 68, 30. 
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s-Triazolo[l ,5-c]pyrimidin-5-y lamines (7) 
5-Chloro-s-triazolo[ l ,5-c]pyrimidine (6a) (2 · 0 g) and saturated metha nolic ammonia (50 ml) 
were agitated in a sealed vessel at 20-25° for 24 h. The residue from evaporation was triturated with 
a little water to give s-triazolo[I,5-c]pyrimidin-5-ylamine (7a) (69 %), m.p. 206--208° (from ethanol) 
(Found: C, 44 ·8; H , 3·6; , 51 ·6. C5 H5 N 5 requires C, 44·4; H, 3·7 ; N, 51 ·8%) . N .m.r. 
6·94,d, J 6, H 8; 7 -82,br, H 2 ; 7·88,d,J6, H 7; 8·38,s, H 2. 
Similar treatment of the chl oro compounds (6b- f) gave, respectively, 2-methyl-s-triazolo[l ,5-c]-
pyrimidin-5-yla111i11e (7b) (72 %), m.p. 24 1- 243 (from ethanol) (Found : C, 48 · 3; H, 4 ·8; , 47 ·4. 
C6 H7 N 5 requires C, 48 ·3; H , 4 ·7; , 47 ·0 %) (n .m.r. 2-49, s, Me ; 6-89, d, J 7, H S; 7 -80, br, 
H2 ; 7 ·83, d, J 7, H 7) ; 2-phenyl-s-triazolo[/,5-c]pyrimidin-5-yla111i11e (7c) (87 %), m.p. 203- 204° 
(from ethanol) (Found : C, 62· 2; H , 4 · 2; , 32 · 8. C 11 H9 5 req uire C, 62· 5; H , 4 · 3 ; N, 33 · 2 %) 
(n.m.r.6-99,d, J 6, H 8; 7·57,m, H 3',4' ,5' ; 7-88,d, J 6, H 7; 7-9 1, br, H2 ; 8·25,m, H2',6'); 
7-meihy l- -triazolo[/ ,5-c]pyrimidin-5-y lamine (7d) (52 %), m.p. > 222° (with sublimat ion) (from 
ethanol) (Found: C, 48 ·2; H, 4·8; , 46·8. C6 H7 5 req uires C, 48 ·3; H, 4 ·7; N, 47 ·0 %) 
(n.m.r. 2 · 34, s, Me; 6 · 82, s, H 8 ; 7 · 78, br, H,; 8 -41 , s, H 2); 2,7-dimethyl-s-triazolo[l ,5-c]-
pyrimidin-5-y lamine (7e) (57 %), m.p. 17 1- 173° (from water) (Found: C, 51. 5 ; H, 5 · 8; N , 43 · 2. 
C7 H9 5 requires C, 51 ·5; H, 5-6; , 42 ·9%) (n.m.r. 2·3 1, s, 7- Me; 2- 42, s, 2-Me ; 6-67, , H S; 
7 · 64, br, H 2); and 7-methyl-2-phenyl-s-triazolo[/ ,5-c]pyrimidin-5-ylamine (7f) (57 %), m.p. 230- 23 1 ° 
(fromethanolJ(Found: C, 63 ·9; H,5·0; N,31 ·2. 12 H 11 N 5 req uiresC,64·0; H, 4 ·9; N,3 1· 1 %) 
(n.m.r. 2-35, s, Me; 6-79, s, H S; 7 -47, m, H 3',4',5'; 7-74, br, NH 2 ; 8- 15, m, H 2' ,6' ). 
,N-Dimethyl-N'-(s-triazolo[l ,5-c]pyrimidin-5-yl)formamidines (8) 
The 5-aminotriazolopyrimidine (7a) ( I · 5 g) and dimethylformamide dimethyl aceta l (Aldrich : 
10 ml) were heated at 100- 110° for 20 min . Eva porat ion a nd addition of a little ether gave 
, -dimethyl- '-(s-triazolo[l ,5-c]pyrimidin-5-yl )formamidine (8a) (82 %), m.p. 120- 122 (from diethyl 
ether) (Found: , 50 -3; H , 5 -3; , 44 ·2. C8 H ,0 N 6 requires C, 50 -5; H , 5-3; N , 44 ·2%) . 
. m.r. 3 ·21, s, Me ; 3 -28, s, Me ; 7·27, d, J 7, H S; 7-95, d, J 7, H 7 ; 8-43, s, H 2; 8-86, s, 
M e2 CH . 
Similar treatment of the a mines (7b- f) gave , -dimethy l- '-(2-methy l-s-triazolo[l ,5-c]-
pyrimidin-5-yl )formamidine (8b) (94 %), m.p. 122- 125° (from diethyl ether) (Found: C, 53 ·O; 
H ,6· 1; N, 41 · 1. C9 H12 6 requiresC,52 -9; H,5·9; ,4 1·2%)(n.m. r.2- 46, s,2-Me ; 3 - 17,s, 
Me; 3·24,s,N Me; 7 · 11 , d, J 6, H 8; 7·87,d, J 6, H 7; 8·79,s, Me2NCH); N, -di111ethy l- '-
(2-phenyl-s-triazolo[l ,5-c]pyrimidin-5-yl )formamidine (8c) (79 %), m.p. 125- 127° (from metha nol) 
(Found: , 63 · 2; H, 5-6; , 31 ·4. 14 H ,. 6 requi res C, 63· 1 ; H, 5-3; N, 31 ·5%) (n.m.r. 
3·23,s, Me ; 3 ·26,s, Me; 7·26,d, J 6, H 8; 7 ·52, m, H 3',4',5'; 7 ·92, d, J 6, H 7 ; 8· 18, m,H2',6'; 
8 · 84, s, Me 2 H); , -dimethyl- '-(7-111ethyl- -triazolo[l ,5-c]pyri111idi11-5-yl)formamidine (8d) 
(89 %), m.p. 126--J 27° (from ethanol) (Found : C, 52· 5; H, 5 · 7 ; N , 40 ·9. 9 H, 2 N 6 require 
C,52-9; H,5·9; ,41·2%)(n.m.r.2-37,s,7-Me; 3· 17,s,N Me; 3·24,, Me; 7 -06,s, H S; 
8-29, s, H 2; 8-75, s, Me2 CH ); N-(2 ,7-dimethyl-s-triazolo[/ ,5-c]pyrimidin-5-y/ )-N', N '-dimetlty l-
formamidine (8e) (87%), m.p. 192- 194 (from ethanol) (Found : ,55 · 1; H,6·3; N,38·6. 
10 H14 6 requires , 55·0; H, 6-5; N, 38·5%) (n .m.r. 2-36, s, 7- Me; 2- 42, s, 2-Me ; 3 - 16, s, 
Me; 3-24, s, Me ; 6-97, s, H S; 8-80, s, Me 2 N H); a nd N,N-dimethy l-N'-(7-methyl-2-phenyl-
s-lriazolo[l ,5-c]pyrimidin-5-yl)formamidine (Sf ) (94 %), m.p. 179- 181 ° (from ethanol) (Found: 
, 64 ·4 ; H, 5-9; , 30· l. 15 H16 6 req uires , 64·3; H, 5-8; N, 30· 0 %) (n.m.r. 2-4 1, s, 
7-Me ; 3 -23, s, Me; 3·26, Me; 7-08, s, H S; 7 -55, m, H 3',4',5'; 8·21, m, H 2',6'; 8-80, , 
M e2 CH). 
-Hydroxy- '-(s-triazolo[ l ,5-c]pyrimidin-5-yl )forma111idi11es (9) 
The N,N-dimethylt riazolopyrimidinylformamidine (8a) ( I · I g), hydroxyla mine hydrochloride 
(0 ·6 g) and methanol ( IO ml) were stirred at c. 25° fo r 15 min . After refrigera tion, filtra tion gave 
-hydroxy-N'-( -rriazolo[l ,5-c]pyrimidin-5-yl)formamidine (9a) (82 %), m.p. 186--189° (dee.) (from 
ethanol) (Found : , 40 -8; H,3-6; N , 47 - 1. 6 H6 N 6 0 req uires , 40 ·4 ; H,3· 4 ; N , 47 ·2%). 
N .m.r.(90M Hz; 30)7-43,d, J 6·4, H 8; 8-00, br, HOH CH ; 8·05, d, J 6· 4, H 7 ; 8·70,s, H 2. 
Similar treatment of the substrates (8b--f) gave N-hydroxy- N'-(2-methyl-s-triazolo[l ,5-c]pyrimidin-
5-yl )formamidine (9b) (90%), m.p. 198- 1990 (dec.) (Found : ,43 ·9; H, 4 ·3; N,43 · 5. 7 H8 N6 0 
requires , 43 ·7; H, 4 ·2; , 43 ·7%) [n .m.r. (90 MH z; 30°) 2-52, s, Me; 7 ·27, d, J 6 ·4, H S; 
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7 -96, br, HOH CH ; 8 -0 1, d , J 6 -4, H7 ; 8-87, br, HOH ); -hydroxy- '-(2-phenyl-s-triazolo-
[l ,5-c]pyrimiclin-5-y l)formamidine (9c) (88 %), m.p. I 95- 197° (dee.) (Found : C, 56 -4 ; H, 4 · 1; 
N,32-6. C,,H 10 oOrequires C,56·7 ; H, 4 ·0 ; , 33 ·0 %)[n.m.r. (90MHz; 30°)7 ·36, d, 16 · 8, 
H 8 ; 7-52, m, H 3',4',5' ; 7-89, br, HOH CH ; 8 -02, d, J 6- 8, H7 ; 8 -20, m, H 2' + H6']; 
N-hydroxy- '-(7-melhyl-s-triazolo[I ,5-c]pyrimidin-5-y l)formamidine (9d) (82 %), m.p. 173° (Found : 
C, 43 · 5 ; H , 4-5; N, 43 -4. C7 H8 60 requires C, 43 ·7 ; H, 4 -2 ; , 43 -7 %) [n.m.r. (90 MHz; 
30°)2·47,d, J0 -9,7- Me; 7 -25,q, J0 · 8, 0·6,H8; 7-95,br, HOH CH ; 8 · 56, s,H2 ; 8·92,br, 
HOH ] ; -(2 ,7-dimethyl-s-triazolo[J,5-c]pyrimidin-5-yl)- '-hydroxyf ormamidine (9e) (96 %), m.p. 
199° (dee.) (Found : C, 46 ·4 ; H , 4 ·9 ; , 41 ·0. C8 H ,0N 6O requires C, 46· 6 ; H, 4 ·9 ; , 40 ·8 %) 
[n .m.r.(90MHz ; 30°)2 -48, , 2-Me ; 2 -53, s,7-Me; 7 -14, s, H8 ; 7 -94,br,HOH 1CH ; 8 · 81 , br, 
HOH ] ; and N-hydroxy- ' -(7-me1hyl-2-phenyl-s-triazolo[J ,5-c]pyri111idi11-5-y l)formamidine (9f) 
(96 %), m.p. 199- 200° (dee.) (Found : C, 58 -3 ; H , 4 -6 ; , 31 ·4. C13H12 6 0 requires C, 58-2 ; 
H , 4 -5 ; , 31 ·3 %) [n.m.r. (90 MH z; 30°) 2 -46, d, J 1-2, Me ; 7 -22, br, H 8 ; 7 -54, m, H3' ,4' ,5' ; 
7 ·93 , br, HOH CH ; 8 ·20, m, H2' ,6' ; 8·95, br, HOH ]. 
N-Acetoxy-N '-(s-triazolo[l ,5-c]pyri,niclin-5-yl)formamiclines (J 0) 
The hydroxytriazolopyrimidinylformamidine (9a) (l 0 g) and acetic anhydride (JO ml) were 
stirred a t 25° for 30 h. The residue from evaporation at 25° in a vacuum was triturated with a little 
water and then filtered off. After washing with a little water, the -ace/oxy- ' -(s-triazolo[l ,5-c]-
pyrimidin-5-yl)formamidine (I0a) (71 %) had m.p. 185-189° (fro·m ethanol) (Found: C, 43 -4 ; 
H, 3 -5; ,38 ·0. C8 H 8 6 O , requiresC, 43 ·6 ; H,3 -7 ; , 38 · 1%). N .m.r.(CF3CO2H)2-41 ,, 
Ac ; 7 ·79,d, J 6, H 8 ; 8 ·71,s, AcOHNCH ; 8-68,d,J6, H7 ; 9 ·08, s, H2. 
Similar treatment of the hydroxy compounds (9b-f) gave -aceloxy- ' -(2-methyl-s-triazolo-
[/ ,5-c]pyrimidin-5-yl)formamidine ( l0b)(27 %), m.p. 139- 140° (Found : C, 46 ·2 ; H , 4 -7. C9 H10 60 2 
requires C, 46 -2; H, 4 · 3%) [n.m.r. (CF3CO2H) 2 -42, s, Ac ; 2 -84, s, 2-Me; 7 -66, d, J 6, H8 ; 
8 · 63, d, J 6, H 7; 8 · 72, s, AcON HCH] ; -acetoxy - '-(2-phenyl-s-triazolo[l ,5-c]pyrimiclin-5-y l)-
formamidine ( I0c) (86 %), m.p. 237- 240° (Found: C, 57-0 ; H , 3 ·9 ; N, 28 ·2. Ci,H12 6 0 2 requires 
, 56 · 8; H, 4 · 1; , 28 ·4 %) [n.m.r. ( F3 CO2 H) 2 ·44, s, Ac ; 7-69, m, H3' ,4' ,5' ; 7 · 74, d, J 6, 
H 8 ; 8 · 19, m, H 2' ,6' ; 8 -67, d , J 6, H 7] ; -acetoxy- '-(7-methyl- -triazolo[! ,5-c]pyrimidin-5-y l)-
formamicline (10d) (43 %), m.p. 156- 157° (Found: C, 46 -3 ; H , 4 ·4 ; , 35 -5. C9 H10 60 2 requires 
,46-2 ; H ,4 ·3; N,35 ·9 %)[n.m.r. (CF3 CO 2 H)2 · 39, ,Ac ; 2-73, , 7-Me; 7 -50, s, H S; 8 ·64, br, 
AcONHCH; 8 · 88, s, H 2] ; -acetoxy -N' -(2,7-di111ethyl-s-triazolo[l ,5-c]pyri111icli11-5-y l)forma111icli11e 
( I0e) (40°, 3 h ; 26 %), m.p. 192- 194° (Found : C, 48 -4 ; H , 4 -9 ; , 33 -9. C, 0H12 6 0 , requires 
C, 48 ·4; H , 4 -9 ; , 33 ·8 %) [n.m.r. (CF3 CO2H) 2 -41 , s, Ac; 2 -73, s, 7-Me; 2 ·79, s, 2-Me ; 
7 ·43, s, H 8; 8-70, br, AcO H HJ ; and -acetoxy- '-(7-111ethy l-2-pheny l-s-triazolo[l ,5-c]-
pyrimicli11-5-yl )for111a111icli11e ( !Of) (87 %), m.p. 175- 178° (Found : , 58 ·4 ; H , 4 · 7 ; , 27 ·2. 
C 15 H,. 6 0 2 requires ,58 · 1; H, 4 -5 ; ,27·1 %) [n.m.r. (CF3 CO2H) 2-45, s, Ac ; 2 ·76, , 
7- Me ; 7 -49, s, H 8; 7 -69, m, H 3',4' ,5' ; 8 · 16, m, H 2',6'; 8-71 , br, cO H H] . 
Bis-s-triazolo[l ,5-a : 1',5'-c]pyri111idi11es (11) 
The aceloxy compound (9a) (0-5g), odium hydrogen carbonate (0 -25g) and water (20ml) 
were boiled under reflux for 0 -5 h. After evaporation in a vacuum at c. 40° a little ethanol or water 
was added to the residue and refrigera tion gave bis-s-triazolo[/ ,5-a : l ',5'-c]pyrimidine (1 l a) (79 %), 
m.p. 275- 277° (from climethylformamide) (Found: C, 45 -1 ; H , 2 -4 ; , 52 -4. C6 H, • requires 
, 45 ·0; H, 2·5 ; N, 52 · 5 '.1/.). N .m.r. (90 MHz; 30°) 7 -64, d, J 7 -7, H 6; 8 · 56, s, H 2; 8·73, s, 
H 8 ; 8 ·97, d, J 7 -7, H 5. ),,,,,. (log e) 214 nm (4 ·42), 230 (3 -86), 256 (3 -9 1), 262 (3 ·92), 275 (3 · 68). 
Similarly the ana logue (1 0b-f) gave 8-methylbis-s-triazolo[l ,5-a : J' ,5'-c]pyri111icli11e ( 11 b) (82 %), 
m.p.251 - 252° (Found : ,4 ·5; H , 3 ·4 ; ,48·4. C7 H 6 6 requires ,48 -3 ; H, 3-5; ,4 ·2 %) 
[n.m.r. (90 MH z ; 30°) 2 -56, s, Me; 7 -50, cl, J 7 · 7, H 6; 8 ·52, s, H 2; 8 -93, d, J 7 ·7, H S; )."'" 
(log e) 219 nm (4 · 41 ), 230 (3 · 97), 256 (3 · 92) , 263 (3 · 95), 275 (3 · 75)]; 8-phenylbis-s-tria=olo-
[l ,5-a: 1',5' -c]pyri111icli11e ( I le) (81 %), m.p. 29 1- 292° (Found: , 61 ·0 ; H, 3 ·4 ; , 35 ·9. 12H a o 
requires , 6 1 -0 ; H , 3-4 ; , 35 ·6 %) [n.m.r. (90 MHz ; 30°) 7·58, m, H 3' ,4',5' ; 7 -65, cl, J 7 -7, 
H 6 ; 8 -24, m, H 2' ,6'; 8 -57, s, H 2; 8 ·98, d, J 7 · 7, H 5 ; Amox (log e) 216 nm (4·47), 229 (3 ·92), 
256 (3 -96), 262 (3 -97), 275 (3 · 72)] ; 5-methylb ·s-s-triazolo[l ,5-a : l',5'-c]pyrimicline (lld) (boiling 
water for 90 min: 67 %), m.p. 206- 207° (from ethanol) (Found : ,48 -0; H,3-3 ; ,48 ·1. 
7H 6 N 6 requires , 48 · 3; H , 3 · 5; N, 48 ·2 %) [n .m.r. 2-77, , 5- Me ; 7 -47, s, H 6; 8 ·54, s, H 2; 
8 · 64, s, H 8; Amnx (log e) 215 nm (4 · 45), 229 (3 · 96), 257 (4 ·01), 264 (4 -01), 275 (3 · 76)]; 5,8-climethyl-
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bis-s-triazolo[J ,5-a: l' ,5' -c]pyrimidine (1 1 e) (boiling water for 60 min : 49 %), m.p. 197- 198° (from 
ethanol) (Found : C,50 -9 ; H , 4 -4 ; , 44-5. C8 H 8 6 requires ,5 1-1; H , 4-3; , 44 ·7 %) 
[n.m.r.2 ·53, s, 8-Me; 2-73,s, 5-Me ; 7 -36,s, H 6 ; 8 ·43, s, H2 ; },m,. (log e)216nm(4·5 1), 228 (4 ·08), 
256 (3 -99), 266 (4 -02), 277 (3 · 82)] ; a nd 5-melhy l-8-plzenylbis-s-triazolo[l ,5-a : 1',5' -c]pyrimidine 
(!If) (77 %), m.p. 27 1- 274° (from dimethylfonnamide) (Found : C, 62 ·4 ; H , 4 -2 ; N , 33 ·8. 
C ,
3
H
10
N
6 
requires C, 62 ·4 ; H, 4 ·0 ; N , 33 ·6 %) [n.m.r. 2 ·77, s, 5- Me ; 7 -49, m, H 3',4' ,5 '; 7 -56, 
s, H 6 ; 8 -14, m, H 2',6'; 8 -48, s, H 2 ; }.m., (log e) 216 nm (4 · 49), 229 (3 -99), 258 (4 -07) , 264 (4 -07) , 
276 (3 · 83)]. 
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Triazolopteridines. I 
Simple s-Triazolo[4,3-c]pteridines 
and Their Derived [1,5-c] Isomers 
Desmond J . Brown and Kazuo Shinozuka 
John Curtin School of Medical Research, 
P.O. Box 334, Canberra City, A.C.T. 2601. 
Abstract 
Aust. J. Chem., 1981, 34, 189-94 
The reaction of appropria te pteridin-4-ylhydrazines (3) with orthoesters has been used to prepare 
s- triazolo[4,3-c]pteridine (la) and some C-methylated derivatives. Most of these underwen a 
Dimroth-like rearrangment to yield the isomeric s-triazolo[ 1 ,5-c]pteridines (2) but the 3-ethyl deriva-
tive (le) gave an unusually stable intermediate, -[3-(5 '-ethyl-l ',2',4'- triazol-3' -yl)pyrazin-2-yl]-
formamide (4a), which resisted re-closure. In an attempt to prepare the parent rearranged heterocycle 
(2a) independently, the last intermediate, -acetoxy- ' -(pteridin-4-yl)formamidine (6d), failed to 
cyclize: instead , it lost acetic acid to give pteridin-4-ylcyanamide (6e). The main systems(!) and (2) 
are easily distinguished by their characteristic n.m.r. spectra but not by u.v. spectra. 
In seeking to extend our recent work on the chemistry and biological activity of 
triazolo- and bistriazolo-pyrimidines,1 - 3 we have prepared the parent heterocycle 
and some simple alkyl derivatives in the hitherto-undescribed systems, s- triazolo-
[4,3-c)pteridine (1) and s-triazolo[l ,5-c]pteridine (2). We a lso describe some observa-
tion on the rearrangement (1)-> (2), on the n.m.r. and u.v. characteristics of the 
systems, and on the formation of pteridin-4-ylcyanamide (6e). 
Syntheses 
On brief treatment with triethyl orthoformate, pteridin-4-ylhydrazine4 (3a) under-
went acylation and ub equent cyclization to s-triazolo[4,3-c]pteridine (la); when 
such treatment wa pro longed, a slower Dimroth-like rearrangement (cf.1) ensued to 
yield the isomeric triazo lo[ 1,5-c]pteridine (2a). Brief treatment of the pteridinyl-
hydrazine (3a) with triethyl orthoacetate and orthopropionate likewise gave the 
3-methyltriazolo[4,3-c]pteridine (I b) and its 3-ethyl homologue (1 c), respectively. 
However, on prolongation of the treatment, rearrangement proved much slower than 
for the parent heterocycle ( Ia): even after 20 h, the 2-ethyl isomer (2c) was obtained 
in on ly 16 % yield . The corresponding 2-methyl compound (2b) wa better obtained 
(in moderate yield) by i omerization of its (isolated) precursor ( I b) in boiling dimethyl-
formamide for 5 h . 
' Brown, D. J., and Nagamatsu, T ., Aust. J. Chem., 1977, 30, 25 15; 1978, 31 , 2505; 1979, 32, 1585. 
2 Brown, D . J., and Shinozuka, K. , Aust. J . Chem., 1980, 33, 1147. 
3 Brown, D . J., Dunlap, W. C., Grigg, G . W., Danckwerts, L., and Nagamatsu, T., Aust. J. Chem., 
1978, 31, 397; Brown, D. J ., Grigg, G. W., Iwai , Y., McAndrew, K . ., agamatsu, T., and Van 
Heeswyck, R ., Aust. J . 11e 111., 1979, 32, 2713. 
• Albert, A., Brown, D. J., and Wood, H . C. S., J. Chem. oc., 1954, 3832. 
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Attempts to rearrange the imple triazolo[4,3-c]pteridi nes ( I a- c) in boiling glacial 
acetic acid, a technique used widely for related triazolopyrimidines,1 proved unsuc-
cessfu l : thus the ethyl deriva tive ( I c) gave only the N-(triazolylpyrazi nyl)formamide 
(4a), which would be the postulated intermediate, fo rm ed by 4,5-bond fission during 
the expected Dimroth-like rearrangement. The structure (4a) fo ll owed from the 
elemental analysis and the i.r. a nd n.m.r. spectra, in particular the single NH (b 11 ·45) 
which precluded the a lternative molecule (formed by 5,6-bond fission) with a primary 
ami no group on the pyrazine ring and the formy l group a ttached to the tria zole ring. 
N-N I '}>--
.  D .. , x• •N I , 
J :::,.._7 ,jl 1 
R N R 
Rt Rl Rl 
(la) H H H 
(lb) Me H H 
(le) Et H H 
(Id) H H Mc 
(le) Me H Me 
(II) Et H Mc 
(lg) Me Me H 
(lh) Me Me Me 
N-N 
•' "JC;>--,, 
Rlx 
I 
H;O)R2 
RI Rl 
(4a) Et H 
(4b) Me Mc 
Rt 
N,< 
•' X:" 1/ / : I s 
R3X N NJ.lR2 
Rt Rl Rl 
(2a) H H H 
(2b) Me H H 
(2c) Et H H 
(2d) H H Me 
(2e) Me H Me 
(21) Et H Me 
(2g) Mc Me H 
(2h) Me Me Me 
s 
•' ")C ~ I NH 
Rlx ~ RI 
RI Rl 
(5a) H Me 
(5b) Me H 
(5c) Mc Mc 
Rt Rl 
(3a) H H 
(3b) H Me 
(3c) Me H 
(3d) Me Me 
R 
~N0N ~ Jl .. J N N 
R 
(6a) NH1 
(6b) N=CHNMei 
(6c) N=CHNHOH 
(6d) N=CHNHOAc 
(6e) NHCN 
The unexpected stability of intermediate (4a) is not easil y ex plai ned : its inability (o n 
acco unt of bipbenyl-type steric hindrance) to adopt a fl at confi guration to faci litate 
ring closure cannot be the reason, because the tetramethyltriazolo[4,3-c]pteridine (lh) 
does rearrange under similar conditi o ns, presumably through an a nalogous inter-
mediate acetamide (4b). However, it may be due to stabilization of the formyl inter-
media te (4a) as a n aceta l-li ke hydrate in so luti on,5 a n expla nat ion u ed previou ly6 
to ex plain why a n a ldehydic intermedia te fai led to take part in ring closure, whereas 
a n otherwise si milar ketoni c intermediate did so during a cl a ical Dimroth rea rra nge-
ment. 
5 Bell , R . P ., and Darwen!, B. de B., Trans. Faraday Soc., 1950, 46, 34. 
6 Brown, D . J., and Paddon-Row, M. N., J. Chem. Soc. C, 1967, 903 . 
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H ydrazinolysis of the pteridinethione7 (Sa) gave 6,7-dimetbylpteridin-4-ylhydrazine 
(3b) which reacted with appropriate orthoesters to yield 8,9-dimetbyl-s-triazolo-
[4,3-c]pteridine (Id) and its homologues ( I e) and (If). When boiled in dimethyl-
formamide, the first , (1 d) , was converted into its isomer (2d) within IO min ; the 
second , (I e), took more than 40 h to give its isomer (2e) in comparable yield ; and 
the ethyl homologue, (If), remained unchanged in dimethylformamide although it 
decomposed exten ively in boiling acetic acid. 
Similarly, 5,6-diamino-2-methylpyrimidine-4-tbione4 with glyoxal and diacetyl gave 
respectively the pteridinethiones (Sb) and (Sc), thence the pteridinylhydrazines (3c) 
and (3d), a nd finally the triazolo[4,3-c]pteridines (lg) and (lb). either product 
rearranged in dimethylformamide but the second (I h) did so in boiling acetic acid 
to give the isomer (2h). 
In an attempt to synthesize the parent triazolo[l ,5-c]pteridine by an independent 
route, pteridin-4-ylamine8 (6a) was submitted to the Stanovnik- Tisler sequence9 to 
yield in turn (6b), (6c) and (6d) ; a lthough final ring clo ure of the acetoxy compound 
(6d) proved unsuccessfu l under the usual condition , 2 •9 in pyridine it lo t acetic acid 
to yield pteridin-4-ylcyanamide (6e) which was confirmed in structure by its elemental 
ana lysis and n.m .r. spectrum . 
Spectra 
Rearrangements from system (I) to system (2) were accompanied by characteri tic 
changes in n.m. r. spectra. Thus the triazole ring proton (H 3/2) signal underwent a 
very marked upfield shift of c. O · 75 ppm (Me O · 3- 0 · 4) ; the adjacent pyrimidine ring 
proton (H 5), a downfield hift of 0 · 3- 0 ·4 ppm [5-Me upfield c. O· 1 ppm, probably 
due to the clo e proximity of 3/2-Me, which was present in the only two example , 
(lg) and ( lh), avai lable]; and, as might be expected, the pyrazine ring protons (H8, 
H 9) showed only minor (c. O · I ppm) down field shifts. This behaviour wa broadly 
parallel to that observed during the rearrangement of related s-triazolo system .1 •2 
In contra t, the sma ll but characteristic difference in the u. v. spectra of rearranged 
a nd unrearra nged isomers, evident in the s-triazolo- and bis-s- triazolo-pyrimidine , 1 ' 2 
were not repeated in the s-triazolopteridines. For example, the spectra of the methyl 
isomers (lb) a nd (2b) were a lmost indi tingui hable and on ly in the rearranged com-
pounds (2g) a nd (2h), where the contiguou 2- a nd 5-methyl groups introduced distor-
tion in otherwise fl at molecules, did the pectra diverge somewhat from those of 
their respective isomers (lg) and (lh). 
Experimenta l 
Analyses were done by the A.N. U. Analytical Services Unit. Melting points were uncorrected. 
N.111 .r. spectra (chemical shift s in o; J values in Hz) were measured at 60 MHz and 35° in ( D3), 0 
against Me.Si , except where otherwise indicated; mo t u.v. spectra were measured in ethanol. 
s- Triazolo[4,3-c]pteridine (la) and the [l ,5-c] Isomer (2a) 
Pteridin-4-y lhydrazi ne4 (Ja) (O · 5 g), triethyl orthoformate (IO 1111) and dioxan (30 1111) were heated 
under reflux for I h. hilling gave a first crop and evaporation of the filtrate, followed by trituration 
of the res idue wi th a little ethanol, gave a second crop : the triazo/o[4,3-c]p1eridi11e (96 %) had 111 .p. 
7 Wellco111e Foundation Lld., Br. Pat. 920,267 ( 1963) (Chem. Abstr., 1963, 59, 1658). 
8 A lbert , A., Brown, D. J., and heese111an, G. , J. Chem. Soc., 1951, 474. 
9 Vercek, B., Stanovnik, B., Ti~ler, M ., and Zrimsek, Z., Org. Prep. Proced. Int ., 1978, 293. 
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235- 249° (from dimethylformamide) (Found : C, 48 · 7 ; H , 2· 6 ; N , 48 ·4. C1 H.N6 requires C, 48 ·8; 
H,2·3; ,48·8 %) .. m.r. 9 -06,d , Jl , H 9; 9-08,d,Jl , H 8; 9 -56,s, H 2+ 5. Heatinginethanol 
caused decomposition. 
A similar mixture heated for 7 h gave the isomeric triazolo[l ,5-c]pteridine (95 %), m.p. 242-245° 
(from ethanol) (Found : C,48 · 8; H , 2-7 ; N, 48·5 %). N .m.r . 8·8 1, s, H2 ; 9 -10, d, J 2, H9 ; 
9 -16, d, J 2, H 8 ; 9 ·91, s, HS. },m., (log e) 238 nm (3·86), 246 (3 · 83), 252 (3 · 78), 306 (3 · 60), 320 
(3 · 73), 347 (3 · 85). 
3-Methyl-s-triazolo[4,3-c]pteridi11e (lb) and the [l ,5-c]lsomer (2b) 
Similar treatment of pteridin-4-ylhydrazine with triethyl orthoacetate for JO min gave the methy l-
triazolo[4,3-c]pteridine (93 %), m.p. 223- 225° (from ethanol/dimethylformamide) (Found : C, 51 · 3; 
H,3· 5; , 45 · 1. C8 H 6 6 requiresC,5 1·6; H,3 · 3 ; , 45 · 1%). N .m.r.2-85,s, Me ; 9 ·02, d, 
J 2, H9 ; 9 -05, d, J 2, H 8; 9 -43, s, H S. Am,, (log e) 241 nm (3 ·99), 263 (3 -70), 305 (3 ·70), 320 
(3 · 82), 346 (3 · 73). 
The above product ( I b) ( I g) and dimethylformamide (50 ml) were heated under reflux for 5 h. 
Trituration of the residue from subsequent evaporation gave 2-methyl-s-triazolo[I ,5-c]pteridine (57 %), 
m.p. c. 203° (with sublimati on) (from ethanol) (Found : C, 51 -7 ; H , 3 · 3; N, 44 ·9 %). N .m.r. 
2-60, s, Me ; 9-06, d, 12, H 9 ; 9 ·09, d, J2, H 8 ; 9 -74, s, H 5. Am,, (log e) 240 nm (4 -00), 262 (3-70), 
305 (3 · 71 ), 320 (3 · 82), 347 (3 · 77). 
3-Ethyl-s-triazolo[4,3-c]pteridine (l e) and the [l ,5-c] Isomer (2c) 
Heating pteridin-4-ylhydrazine and triethyl orthopropionate in dioxan for 30 min, as for the 
lower homologue ( le), gave the ethyltriazolo[4,3-c]pteridine (93 %), m.p. 190- 192° (from ethanol/ 
dimethylformamide) (Found : C,54 · 1; H ,4 · 1; N, 41 -8. C9 H8 N 6 requires C,54 -0 ; H , 4 -0 ; 
, 42 ·0 %). N .m.r.1 ·46, t, J7 ·4, MeofEt; 3 -27, q, J7 ·4,CH 2 ; 9 -03 , d, J2, H9 ; 9·08, d, J2, 
H 8; 9 -46,s, H S. 
When heati ng was continued for 20 h, the crude product contained both isomers : fractional 
crystallization from etha nol gave 2-ethyl-s-triazolo[l ,5-c]pteridine (16 %), m.p. 181- 183° (from ethanol) 
(Found: C, 54-0; H , 4 -0 ; N, 42 ·3 %). N.m.r. 1 ·40, t, J 7 ·4, Me of El ; 2 -96, q, J 7 -4, C H,; 
9 ·09, d, J 2, H9 ; 9 · 13, d, J 2, H 8; 9 -75, s, H S. 
In an a ttempt a t more effective rea rrangement , the product (Jc) (0 · 5 g) was boiled under reflux 
in glacial acetic acid (50 ml) for 40 min . Evaporation and addition of water gave N-[3-(5'-ethyl-
l' ,2',4' -triazol-3'-y{)pyrazin-2-yl]formamide (4a) (73 %), m.p. c. J 76° (from ethanol) (Found: C, 50 ·I ; 
H , 4 -8; N, 38 - 1. C9 H 10N 6 0 requires , 49 -5 ; H , 4 -6; N, 38 · 5 %). N .m.r. 1 ·23, t, J 7, Me of 
Et ; 2 -81, q, J 7,CH 2 ; 8 -36,d, J2, H5 ; 8·44, d, J2, H 6 ; 9 -45, br, HO ; Jl -45, br, NHCHO. 
Vmu 1700 (CO). 
8,9-Dimethyl-s- triazolo[4 ,3-c]pteridine (Id ) and the [{ ,5-c] Isomer (2d) 
5,6-Diaminopyrimidine-4(3 H )-thione4 (2 g) , diacetyl (2 g) and methanol (70 ml) were boiled 
under reflux for 30 min . Refrigera tion gave 6,7-dimethylpteridine-4(3 H )-thione (Sa) (95 %), 7 m.p. 
> 300° (lit. 10 > 300°). N .m.r. 2 -81, s, 6-Me ; 2 -85, s, 7-Me ; 8 -98, s, H 2. This thione (1 g), hydrazine 
hydrate (2 ml) , and ethanol (50 ml) were boiled under reflux for 20 min . The residue from evaporation 
was diluted with water to give 6,7-dimethylpteridin-4-ylhydrazine (3b) (67 %), m.p. > 199° (dee.) 
(Found : C, 50-4 ; H, 5 -3; N , 44 · 3. 8 H 10 N 6 requires C, 50 -5 ; H, 5-3 ; N, 44 ·2 %). This com-
pound (0 · 5 g) and triethyl orthoformate (20 ml) were heated under reflux for 10 min . Concentration 
and addition of a little ethanol gave the dimethyltriazolo[4 ,3-c]pteridi11e (82 %), m.p. I 98° (dee.) (from 
acetoni trile) (Found: C, 54 -0 ; H , 4 -2; N, 41 · 7. 9 H8 N6 requires , 54 ·0 ; H, 4-0 ; N, 42 ·0 %) . 
. m.r.(90MHz ; 30°)2 ·72,s,9-Me ; 2 -76,s, 8-Me ; 9 -47,s, H 3 ; 9·49,s, H S. },,,,0,(loge)216nm 
(4 -40), 237 (3 ·92), 267 (3·48), 306 (3 · 88), 319 (3 ·96). 
The foregoing ma teria l ( Id) (0 · 3 g) and dimethylformamide (20 ml) were boiled under reflux 
for 10 min . Subsequent evaporation and recrystallization from ethanol gave 8,9-dimethyl-s-triazolo-
[I ,5-c]pteridine (68 %), m.p. 203- 204° (Found : C, 53 ·9 ; H, 4-3 ; N, 41 ·9 %). N .111 .r. 2-73, s, 9-Me ; 
2 -75, s, 8-Me ; 8-73, s, H 2; 9 · 80, s, H S. Amo, (log e) 2 16 nm (4 ·47) , 237 (3 -99), 252 (3 ·67), 266 
10 Neiman, Z., Bergmann, F. , and Weiler-Feilchenfeld, H ., J. Chem. Soc. C, 1969, 114. 
Triazo lopteridi nes. I 193 
(3 -46), 306 (3 -95), 318 (4 -03). When rearrangement wa done in refl uxing ethanol for 3 h, the yield 
was 93 %. 
3,8,9-Trimethyl-s-triazolo[4,3-c]pteridine (le) and the [/ ,5-c] Isomer (2e ) 
The a bove dimethylpteridinylhydrazine (3b) (0 · 5 g) and tri ethyl orthoacetate (40 ml) were heated 
under reflux fo r 5 min. Refrigera tion gave the trimethyltriazo/o[4,3-c]pteridine (73%), m.p. 188- 191° 
(fro m ethano l)(Fo und : , 55 -9 ; H, 4 -7; N, 39 -4. C, 0 H 10 6 requiresC, 56 -1; H , 4 -7 ; , 39 ·2 %) . 
. m.r. 2 -69, , 9-M e ; 2 -71, s, 8-Me; 2-8 1, s, 3-M e ; 9 -30, s, H 5. ).m,. (log e) in et hanol 218 nm 
(4 · 34), 240 (3 -96), 27 / (3 ·29), 308 (3 -82) , 320 (3 -90) ; in acetronitrile 230 (3 -90), 240 (3 -94), 271 
(3 · 40), 309 (3 · 82), 319 (3 · 89). 
When the origina l reaction mix tu re was heated for 43 h, the resulting product (63 %) was 2,8,9-
trimethy l-s-triazolo[l ,5-c]pteridine (2e), m.p. 191-205° (from ethanol) (Found: C, 56 · l ; H , 4 -9 ; 
, 38 ·9 %). N.m.r. 2 -58, , 2-M e ; 2-73, s, 8,9- Me 2 ; 9 -67, s, H 5. ).m,. (log e) in ethanol 218 nm 
(4 ·42) , 239 (4 ·05), 272 (3 -42), 307 (3 -89), 3 :9 (3 -98); in acetroniti le 230 (4-02), 240 (4 -07), 272 
(3 ·53), 308 (3·92), 319 (4 ·00), The same materia l (63 %) was obtai ned by heat ing the isomer (l e) 
in dimethylfo rmamide (50 part s) under reflu x for 5 h. 
3-Ethyl-8,9-di1nethyl-s-triazo/0[4,3-c]pteridine ( If) 
Prepa red as it lower homologue (le) but using triet hyl orthopropionate, the e1hyldimethyltri-
azo/opteridine (69 %) had m.p. 178- 180° (from etha nol) (Found : C, 57 -8 ; H, 5 -4 ; , 36 -8. 
C 11 H, 2 6 requires C, 57 -9 ; H, 5 -3 ; , 36·8 %). .m.r. J -46, t, J 7-2, Me of Et ; 2 -69, s, 9- Me ; 
2 -71 , s, 8-Me ; 3 -29, q, / 7 -2, CH 2 ; 9 -35,s, H 5. The compound underwent no detectable rearrange-
ment o n boi ling in d imethylformamide for 4 h ; it decompo ed in boi ling acetic acid. 
3,5-Dimethyl-s-triazo/o[4,3-c]pteridine (lg) and the [l ,5-c] Isomer (2g) 
5,6-D ia mino-2-methylpyrimidine-4(3 H )- thione4 (3 ·0 g), 'glyoxal hydra te' (8 .O .H.) (3 g) and 
buta n-1-ol (100 ml ) were hea ted under reflux fo r 20 min . Evaporation gave 2-methy lpteridine-4(3H)-
thione (5 b) (85 %), m.p. > 200° (dee.) (from wa ter) (Found : C, 46 -9 ; H , 3-3 ; , 31 · 1; S, 17 ·9. 
7 H6 N 4 S requires , 47-2 ; H, 3 ·4 ; N, 31-4 ; S, 18 -0 %). .m.r. 2 -51, s, Me ; 8-8 1, d, J 2, H 6; 
8 -98, d, J 2, H 7. The thio ne (2 -0 g), hydrazine hydra te (4 ml ) and etha nol (200 ml) were boi led 
under reflux for 40 min. Eva pora tion and add ition of so me wa ter gave 2-methylpteridin-4-y lhydrazine 
(3c) (70 %), m.p. 222- 224° (from etha nol) (Found : , 47 -8 ; H, 4 -8 ; , 47 -2. C7 H8 N6 requ ires 
C, 47 · 7; H, 4 · 6; , 47 · 7 %). This compound (1 -0 g) a nd triethyl orthoacetate (30 ml) were boi led 
under reflux fo r 12 min a nd then chilled to give the dimethy ltriazo/o[4,3-c]pteridine (87 %), m.p. 
J97- 207° (from etha nol)(Fo und : C, 54 -2; H, 4 -1; ,42 -3. 9 H8 6 requi resC, 54 ·0 ; H , 4 -0 ; 
,42 ·0 %) . . m.r. 2 -98, , 3- Me ; 3 -06, s, 5- Me; 8 -93, d, J 2, H 9; 8 -97, d, / 2, H 8. ),m,. ( log e) 
241 nm (3 -81), 268 (3 -35), 306 (3·87), 321 (4- 00). 
The a bove product (0 ·4 g) wa boi led under reflux in triethyl orthoaceta te (25 ml) for 30 h. The 
residue from evapora tion crystall ized from etha nol to give 2,5-dimelhyl-s-triazolo[l ,5-c]pteridine 
(64 %), m.p. 198- 201 ° (from ethanol) (Found : , 54 · l ; H, 4 - 1; , 41 -5 %). .m.r. 2 -65, s, 2-M e ; 
2 -99, s, 5- Me ; 9 ·05, d , /2, H 9 ; 9 · 12, d, J 2, H 8. Am,. (log e) 212 nm (4 ·32), 238 (4 · 18), 269 (3 ·45), 
307 (3 · 95), 319 (4 -02). Rea rra ngement in dimethylfo rma mide or glacia l acetic acid was un uccessful. 
3,5,8,9-Tetramethyl-s-triazo/o[4,3-c]pteridine (/h ) and the [/ ,5-c] Isomer (2h) 
As in the foregoing equence, 5,6-diamino-2-methylpyrimid ine-4(3H )-thione4 was converted 
(diacetyl/ buta nol/ I h) into 2,6,7- trimethylpteridi11e-4(3 H)-thio11e (Sc) (78 %), m.p. > 239° (dee.) (from 
etha nol) ( o und : , 52 -5 ; H, 5 -0 ; , 27 -0 ; S, 15 · 8. 9 H,0 N.iS requires C, 52 -4 ; H, 4 -9 ; 
N, 27 -2 ; S, 15 · 5 %) ; thence (by way of a chloroform ex trac tion to isolate the product) into 2,6,7-
trimethy lpteridin-4-ylhydrazine (3d) (53 %), m.p. l 90- 19 1 ° (Found : , 53 ·3 ; H, 6 · l ; , 40 -8. 
9 H 12 6 requires , 52-9 ; H,5-9 ; , 41 -1%) ; a nd fi nally into the tetramethyltriazo/o[4,3-c]-
pteridine (86 %), m.p. 223- 225° (from etha nol) (Found : , 57 -8 ; H, 5 -5 ; , 37 -0. 11 H 12 No 
requires , 57 -9 ; H, 5 -3 ; N, 36 ·8 %). .ni.r. 2 -66, s, 9-Me ; 2 -69, s, 8-Me ; 2 -96, s, 3-Me ; 3 ·01 , 
S, 5-Me. A""" (loge) 215 11111 (4 -40), 282 (3 ·65), 297 (3 · 77), 329 (4 -08), 347 (3 -93). 
This compound (lh) (1 ·0 g) and glacia l acetic acid (30 ml) were hea ted under reflux fo r JO min 
a nd then eva pora ted. The residue crys tallized fro m ethano l to give 2,5,8,9-tetramethyl-s-triazolo-
[l ,5-c]pteridi11e (7 1 %), m.p. I 86- 1870 (Found : , 57 -9 ; H, 5- 4 ; ,36 ·7 %). N .m.r. 2 -55,s,2-Me; 
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2 · 67, s, 8,9-Me 2 ; 2 · 88, s, 5-Me. ),m,. (log e) 218 nm (4 -48), 238 (4 · 13), 269 (3 · 50), 307 (3 · 95), 320 
(4 -06). 
Pteridin-4-y lcyanamide (6e) 
Pteridin-4-ylamine8 (6a) (2 · 5 g) and dimethylformamide dimethyl acetal (15 ml) were heated on 
the steam bath for JO min and then cooled . The resulting N,N-dimethyl-N'-(pteridin-4-yl)formamidine 
(6b) (73 %) had m.p. 176-179° (from diethyl ether) (Found: C, 53 -2 ; H, 5 -0; N , 41-2. C9 H10 N6 
requires C, 53 -5 ; H, 5 -0; N , 41 -6%) .. m.r. 3 -25, , NMe ; 3 -31,s, Me : 8-8 1, s, H 2 ; 8-85,s, 
Me2 CH ; 8- 94, d, J 2, H 6; 9 -08. d, J 2, H 7. This material (1 · 5 g) and hydroxylamine hydro-
chloride (0 -75 g) were stirred in methanol (30 ml) for 15 min at c. 25°. The solid was filtered off, 
washed with water, and recrysta llized from ethanol to give N-hydroxy- '-(pteridi11-4-yl)formamidi11e 
(6c) (78 %), m.p. > 189° (dee.) (Found : C, 44 -2 ; H, 3 - 1; , 44 · 3. 7 H6 60 requires C, 44 -2; 
H, 3 ·2 ; , 44 -2%) .. m.r.(90M Hz ; 30)8 · 15,d, 19 -9, - H H ; 8·95,s, H 2 ; 9 -03, d,Jl -9, 
H 6 ; 9- 27, d, J J -9, H 7. The hydroxy compound (6c) ( I g) was stirred in acetic anhydride ( IO ml) 
for 24 h a t 20- 25°. Filtration and subsequent concentration gave N-acetoxy- '-(pteridi11-4-yl)-
f ormamidi11e (6d) (52 %), m.p. 151 - 152° (from ethanol) (Found : , 46 · 7 ; H, 3 -6 ; N , 36 · 2. 
C9 H8 N60 2 requires C, 46 -6; H, 3 -5 ; N , 36·2 %). N.m.r. (90 MH z ; 30°) 2 -25, s, Ac ; 8 -58, d, 
110 -4, =CHN H ; 9 -0 l ,s, H 2 ; 9-05, d, 11 ·6, H 6 ; 9 -27,d , 11 ·6, H 7. Theacetoxycompound 
(0 ·4 g) was stirred in pyridine (10 ml) at 25° for 24 h. Filtration gave thepteridinylcyanamide (67 %), 
m.p. > 210 (dee.) (from ethanol ), M 172 (Found : C, 48 -8 ; H, 2 -4 ; , 48 ·6. C7 H4 N 6 require 
, 48 -8; H , 2 -3; , 48 ·8%). .m.r. (90 MH z; 30) 7 -03 , br, NH ; 8 -26, s, H 2 ; 8 -54, d, J 2 -4, 
H 6; 8- 74, d, 12 ·4, H 7. 
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